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ABSTRACT 



The present invention, is directed to jioyel chimeric 
cx> stimulatory receptor proteins and DNA sequences encod- 
ing these proteins. The chimeric receptors comprise at least 

~Reir three.domaiiis- fo ^a- si a^ 

ligand binding domain, a transmembrane domain and 



June et aL , 'Hie B7 and CD28 receptor faimlies,* t /mmMno/- 
ogy Today 15(7)321-331 (1994). 
Schwartz, R.H., "Costimulation of T I^ymphocytesiThe Role 
of CD28, CTLA-4, and B7/BB1 in lnterleukin-2 Produc- 
tion and miirmnomerapyrCeini:1055-1068 (1992). 
Stein et aL, The Cytoplasmic Domain of CD28 Is both 
Necessary and Sufficient for Costimulation of Interkukin-2 
Secretion and Association with FfcosphatMhnositol 
3*-Kinase,**Af<* and Cell BioL 14(5)5392-3402 (1994). 
Harding et aL, "CD28-B7 Interactions Allow the Induction 
of CD84Cytotoxk T Lymphocytes in the Absent 
enous He4>,V. Exp. Med. 177:1791-1796 (1993). 



cytoplasmic co- stimulatory effector function signaling 
domain that acts synergisticaUy with an effector function 
signal in the host cdL Novel hybrid co-stimulatory receptor 
proteins include a second cytoplasmic effector function 
signaling domain. The invention further relates to expres- 
sion cassettes containing the nucleic acids encoding the 
novel chimeric receptors, to host cells expressing the novel 
chimeric receptors and to methods of using the receptors to 
co-stimulate effector functions in the cells and for using cells 
expressing the receptors for treatment of cancer, disease and 
viral infections. 

25 Claims, 3 Drawing Sheets 
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1. CGTATTQGATCCGAGGAAACCAACCCCTAAG (SEQ ID N0:1) 

2. MTATT6GGCCCQGCAGAAATCCACAGTGC (SEQ ID N0:2) 

3. AATATTGGCGCCCCTAfiCCCATCGTCAGGA (SEQ ID H0:3) 

4. AATATTGGATCCGGCTTCTG6ATAGGC6TC (SEQ ID N0:4) 

5. CACCACCAGCACCCAAAATGGCTGCACCGGGGTGGA (SEQ ID N0:5) 

6. TAGGGGACTTG6ACAAA6TGGCTGCACCGGGGTGGA (SEQ ID N0:6) 

7. CCTCT GI 1 1 1 1 1 CCTTTT6ACACAGAAGAAGATGCC (SEQ 10 NO: 7) 

8. GCCAATGATGAGATAGATTGGCTGCACCGGGGTGGA (SEQ ID N0:8) 

9. ACCTTTCTCTGGACAGCTTG6CTGCACC6GGGTGGA (SEQ ID N0:9) 
10. CCT6CTCCTCTTACTCCTCCGGCACCTGACACAGAA (SEQ ID NO: 10) 



11. CCTGCTCCTCTTACTCCTGAAGAAGATGCCTAGCCC (SEQ ID NO: 11) 

12. AATATTGAATTCC6AGCTTC6AGCCAA (SEQ ID NO: 12) 

13. MTAHGGnACCAGirGGCTGTTGCACAQQG (SEQ ID NO: 13) 

14. C6CCCCamACMTCA666CCATTGCGCCCCCCG- 

CCGCCGCTGGCCQGCAC (SEQ ID NO: 14) 

15. CTGCGCTCCTGCTGMtrrTCACTCTATTTGCAAACA- 

CGTCTTCGGTTCCT (SEQ ID NO: 15) 

16. CATCCAGCAGGTAGCAGAGTTTGGGTGCGCCCCCCG - 

CCGCTGGCCGGCAC (SEQ ID NO: 16) 



FIG. 2 
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CHIMERIC RECEPTOR MOLECULES FOR noii-responsiveness, called anergy. Anergic cells fail to 

DELIVERY OF CO-CTIMDLATORY SIGNALS become activated upon subsequent stimulation through the 

TCR, even in the presence of co-stimulation, and in some 

cases may be induced to die by a programmed self-destruct 

TECHNICAL FIELD s inechaiiism. 

The field of this invention relates to novel chimeric k certain situations, for example where APCs lack the 

surface membrane proteins for use in co-stimulatory «i gn*i counter-receptor molecules necessary for co-stinndation, it 

transduction. would be beneficial to have the co-stimulatory signal 

induced by virtue of employing a ligand other than the 

BACKGROUND 10 natural Hgaadfor the co-stimulataryrece^ 

Regulation of cell activities is frequently achieved by the example, the same ligand as that recognized^ TCR 
binding of a ligand to a surface membrane receptor com- ^ same moiety, such that if one signal isj received, 
prising an extracellular and a cytoplasmic domain. The both signals will be received), or another cell surface mol- 
formation of me complex between the ligand and the extra- ecule known to be present on the target cells (APCs). 
cellular portion of the receptor results in a conformational The primary co-stimulfltory receptor is the CD28 mol- 
change in the cytoplasmic portion of the receptor which ecule on T cells which interacts with a so-called "counter- 
results in a sign*! twmgAirgrf within the celL In some receptor* ligand called B7 on APCs. Co- stimulation is 
instances, the change in the cytoplasmic portion results in achieved naturally by the interaction of the CD28 surface 
binding to other proteins, where other proteins are activated membrane receptor on T cells with the B7 counter-receptor 
and may carry out various functions. In some situations, the on APCs. 

cytoplasmic portion is autophosphorylated or CD28 is a homcdimer of 44 kD subunits, a member of the 

phosphorylated, resulting in a change in its activity. These irnrnunc^lobulin (Ig) gene superfamfiy. CD28 is expressed 

events are frequently coupled with secondary messengers, on mymocytes and the majority of mature T cells in periph- 

such as calcium, cyclic adenosine monophosphate, inositol ^ eral lymphoid tissues, it is expressed on virtually all CD4+ 

phosphate, diacylglyceroL, and the like. The binding of the T cells and approximately 50% of CD$f T cells. The 

ligand to the surface membrane receptor results in a par- subpopulation of CD8T cells expressing CD28 contains the 

ticular signal being transduced. precursors for cytotoxic effector cells, while the reciprocal 

Engagement of the TCR alone is not sufficient to induce population has the potential to act as suppressor cells 

activation of resting naive or memory T ceils. Full, produc- ^ (linsley et aL, 1993 supra). 

tive T cell activation requires a second co-srrmulatory signal Th* Hnrhrmirai m<*rh«mgm nf rrm signal tr»n«bM*inn 

from a competent antigen-presenting cell (APC). has not been clearly elucidated but it is clear that (i) CD28 

Co-stimulation is achieved naturaUy by me interaction of the stimulation alone is not sufScient to activate cells, and (ii) 

cc^ stimulatory cell surface receptor on the T cell with the the signal ^Aiat^A by CD28 must be different from the 

appropriate counter-receptor on the surface of the APC An M CD3/FCR signal because the CD28 signal synergizes with 

APC is normally a cell of host origin which displays a the CD3/TCR signal. A detailed summary of CD28 signal 

moiety which win cause the stimulation of an immune transduction can be found in June et aL, 1994, supra, and 

response. APCs include monocyte/macrophages, dendritic linsley and Ledbetter, 1993, supra. A h»»™rir of CD28 

cells, B cells, and any number of virally-infected or tumor signaling is that it is at least partially resistant to CsA, and 

cells which express a protein on their surface recognized by ^ therefore mn«r have a component which is mdependent to 

T cells. To be immunogenic APCs must also express on their the calcium-dependent phosphatase calcineurin* This is in 

surface a co-stimulatory molecule. Such APCs are capable direct contrast to CD3/IX31 signaling which is completely 

of stimulating T cell proliferation, inducing cytokine intnhit+A by CsA. CD28 giggling involves the activation of 

production, and acting as targets for cytolytic T cells upon phosphcdnosititU: (PI) 3-ktnase. CD28 ligation at the cell 

direct interaction with the T celL (Linsley and Ledbetter, A5 surface results in phosphorylation of Tyr 191 in the cyto- 

Ann. Rev. Immunol 4: 191-212 (1993); Johnson and Jenkins, plasmk domain of CD28. This phosphorylation event in turn 

life Sciences 55:1767-1780 (1994); June et aL, Immunol drives the association of CD28 with PI 2-kinase via the 

Today 15321-331 (1994); and Mondino and Jenkins, / -Y-M-N-T-P-R-amino add sequence motif in the cytoplas- 

Leuk. Biol. 55:805-815 (1994)). mk domain of CD28 and the SH3 domain of PI 3-kinase. 

There are a number of situations in which the immune so The phosphorylation of CD28 at iyr 191 is thought to be an 

system fails to respond property because the APCs lack the important regulator of CD28 signaling. Activation of PI 

counter-receptor molecules necessary for co-stimulation. 3-kinase activates an undefined cascade of second messen- 

The result is an immune system which is paralyzed in gers which complete me CD28 signaL 

response to that particular moiety. CD28 co-stimulation results in nmfa«tn JL-2 production 

For T lynmhocytes in particular, induction of effector 55 and enhances secretion of several other immunoregulatory 
functions requires two biochemically distinct signals dehv- cytokines, in particular those associated with TH1 cells, 
ered through engagement of unique cell surface membrane Enhanced secretion of cytokines occurs by two mechanisms: 
receptors, usually one delivered through theT cell's specific (0 the stabilization of cytokine mRNA (Mondino and Jen- 
antigen receptor (TCR) and the other via a so-called kins (1994), supra) and (ii) an increase in die rate of 
co-stimulatory receptor. Engagement of the co-stimulatory tio transcription via a CD28 response element in the promoters 
molecule together with the TCR is necessary for optimal of the affected cytckuies (Thomr^n et aL, Miri v4c<^ 
levels of IL-2 production, proliferation and clonal Scl USA 86:1333-1337 (1989); fraser and Weiss, Mol Cell 
expansion, and generation of effector functions such as the Biol 12:4357-4363 (1992); and Fraser et al.. Science 
production of fcmnuncregulatory cytokines, induction of 251313-316 (1991)). Cytokine production by both CD4 
antibody responses from B cells, and induction of cytolytic 65 and CD8 T cells has been reported to be enhanced. Among 
activity. More importantly, engagement of the TCR in the the cytokines whose production is increased by CD28 
absence of the co-stimulatory signal results in a state of co-stimulation are: IL-2, f-IFN, TNF-ct, iyrophotoxin, and 
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GM-CSF (Thompson et aL, supra; Jane et aL, supra; Chen June et aL, supra, andMondino and Jenkins, supra). CTLA-4 

et aL, J Exp. Med. 179:523-532 (1994); Kuiper et aL, was identified in a cDNA library made from murine 

/mimmoLffv83*38--44 ( 1994V and Mondino and Jenkins, cytolytic T lymphocytes (Unsley and Ledbetter, supra). 

sZ^ Of ^^^T^TpossS that CT?8 CTLA^and^^ 

supra;, yi unpw«ui« i j™ ' onffi«^nt < zation and are genetically linked on human chromosome 2. 
cc-stimiilatoon <^ ™*" ^ 8 .^^ k ^J^^ 3 Ste CD28, Cn-A-4 has a putative PI 3-ldnase interaction 
r^m^L^ * ^ cytoplasmic taJL CI1A-4 expression is induced 
"help" (Harding and Allison, J. Exp. Med. 177.17*1-17*) activated T cells (expression is restricted to the CD28+ 
(1993)) from CD4f T cells for sample, and/or trigger and u cussed in lower amounts on the cell 
alternative signal transduction pathways which promote £2tothan c^g, but has a much higher affinity for the B7 
IL-2 independent proliferation (Riddea and Greenberg, /. 10 family counter-receptors. The level of homology between 
Immunol Methods 128:189-201 (1990)). CTLA-4 and CD28 suggests mat CTLA-4 signaling pro- 
CD^ co-stimulation also results in an increase in the rate ceedsviaaWoctemicalpamway similar to that of CD28 and 
of cell division, although this may be secondary to the ^ ft ^f^^ a complementary signaling role to CD 28. 
increase in IL-2 production. Fmthermore, direct increases in Another receptor molecule, CD21, found on virtually all 
mymidine ^corporation in vitro are only seen at suboptimal " mvmocvtcs ^ ? cells, has also been shown to synergize 
concentrations of anti-CD3 (Thompson et aL, supra). This r^^/VCR stimulation to augment T cell activation 
increase in the rate of cell division can be translated to an (Biereret aL,/. Exp, Med. 168:1145 (1988)). CD2 is a 50 kd 
increased cloning efficiency of antigen-specific T cell lines si|lglc surface membrane glycoprotein with two 
in vitro (Riddcll and Greenberg, supra). immunoglobulin-like extracellular domains (Williams, 
In contrast, lack of CD28 co-stimulation at the time of Immunol Today 8298-303 (1987)), a transmembrane 
antigen encounter (or CD3/TCR stimulation) results in domain, and a cytoplasmic domain which is involved in 
anergy, a state of specific un-responsiveness. Antibodies to signal transduction (He et aL, Cell 54:979-985 (1988)). In 
B7 or soluble ligands such as CTLA-Ig (Linsley et aL y. Exp. contrast to CD28 and CTLA-4, which alone are unable to 
Med. 174.561-569 (1991)) have been used in vitro and in activate T cells, the use of monoclonal antibodies (anti-Til! 
vivo to block antigen-specific immune responses and pre- m & anti-Til^) which bind to distinct epitopes on CD 2, 
vent graft rejection (Thompson et aL. supra; Fraser and together, induce T cell proliferation and cytokine production 
Weiss, supra; and Fraser et aL, supra) by interfering with the (Meuer et aL, Cell 36:897 (1984)). However, activation of T 
interaction between B7 and CD28 (Johnson and Jenkins, cells via CD2 is dependent on the expression in the cell of 
supra; Schwartz, R. K., C*/J 71:1065-1068 (1992); Linsley the zeta chain of CD3 (Howard et aL, J. Exp. Med. 
and Ledbetter, supra). Antibodies to CD28 can substitute for 176: 139.145 ( 1992)). 

co-stunulation by AFCs in inducing immune responses an d jjn addition to CD28, CTLA-4, CD2 , several other surface 

protecting T cells from anergy (Johnson and Jenkins, supra, receptors have been reported to provide co-stimulation for T 

and linsley and Ledbetter, supra). ^ activation through the CD3/TOL These include, for 
In certain tumor models, in vitro and in vivo, lack of 35 example, CD5, ICAM-1, LFA-1 (CDlla/CD18) (Ledbetter 

expression of co-stimulatory molecules by tumor cells cor- ct aL, /. Immunol 135:2331 (1985); Damle et aL, J. tmmu- 

relates with the ability to evade immunological destruction. not 148:1985-1992; Mondino and Jenkins, J. Leuk. Biol 

This effect can be reversed by ciu^neering the tumor cells to 55:805-* 15 (1994)). The signaling pathways utilized by 

express B7 as shown by treatment of experimental tumors in these co-stimulatory molecules share the common property 
animals and in vitro T cell responses to tumor cells trans- ^ 0 f acting in synergy with the primary T cell receptor 

duced with B7 (Chen et aL, Cell 71:1093-1102 (1992); activation signal. 

Schwartz et aL, supra; Jung et aL, PNAS 84:4611-4615 The production of chimeric effector function receptor 

(1987); Guo et aL, Science 263:518-520 (1994); Chen et aL, proteins which initiate signaling in a cell mat results in 

Cancer Res. 54:5420-5423 (1994); Hodge et aL, Cancer activation of a second messenger pathway in response to an 
Res. 54:5552-5555 (1994); Li et aL, 7. Immunol ^ inducer binding to the extracellular portion of these recep- 

153:421^*28 (1994); Townsend and Allison, Science tors is the subject of U.S. PaL No. 5359,046, the disclosure 

259368-(1993); Booker et aL, PNAS 90:5687-5690 (1993); 0 f which & imxeporated in its entirety herein. These chi- 

Chen et aL, J. Exp. Med 179^23-532 (1994); and Harding mer jc effector function receptor proteins comprise three 

and Allison (1993), supra). domains in a single protein moiety, namely an extracellular 

Decreased CD28 expression in both CD4 and CD8 T cell 50 ligand binding oVxmain, a cytoplasmic effector function 

populations from HIV-infected udrviduals correlates with signaling domain and a transmembrane domain linking the 

defects in T cell function, tendency to undergo activation- extracellular and cytoplasmic domain together. The cyto- 

induced apoptosis, and disease progression. Correction of plasmic domain and extracellular domain are not naturally 

defects in T cell function and protection from apoptosis (a associated. These chimeric effector function receptors can 
programmed cell death mechanism initiated by aberrant 55 transduce a signal in their host cells in response to the 

signal transduction) is observed in vitro when cells are binding of different ligands, in a non-MHC restricted 

cultured with anti-CD28 antibodies (Brinchman et aL, J. Inf. fashion, to the extracellular domain. These receptors are 

Bis. 169:730-738 (1994); Caruso et aL, Seand. J. Immunol useful for directing the activity of cells expressing the 

40:485-490 (1994); Landay et aL, Clin. Immunol. Immuno- receptors for a particular effector functionaL 

pathol 69:106-116 (1993); Gougeon et aL, Science a ™^ <rimnl*rnt y rMmwie receptor in which an extracel- 

260:1269-1270 (1993); Groux et aL, /. Exp. Med. lular ligand binding domain is linked to the signal transduc- 

175331-340 (1992); Meyaard et aL, Science 257*^17-219 m g domain of a co-stimulatory molecule, such as CD28, 

(1992); and Choremi-Papadopoulou et aL, J. Aids could have as its target virtually any cell surface moiety of 

7:245-253 (1994)). interest Using such chimeric receptors, the ligand which 

A second receptor, CTLA-4, bears significant structural 65 provides co*timulation may besekctedtosur^ortadesired 

homology to CD28 and interacts with the same B7 family irnmune response where for some reason the natural ligand 

counter-receptors as CD28 (Linsley and Ledbetter, supra; is missing or less usefuL The co-stimulatory receptor could 
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provide a signal that is synergistic with the primary effector such as that described in U.S. Fat No. 5359,046. or the two 

activation signal, Lc. the TCR signal ox the chimeric effector types of receptors may be introduced together and 

function receptor signal, and can complete the requirements co-expressed in the same host cdL Further aspects of the 

for activation under conditions where stimulation of the invention are discussed in detail below. 

TCR or chimeric effector function receptor is suboptimal 5 The delivery of co-stimulatory signals required for induc- 

and might otherwise be detrimental to the function of the tion of effector function in T cells can be initiated by the 

cell. These receptors can support immune responses, par- co-stimulatory chimeric receptors of the invention having 

ticularly of T cells, by permitting the use of ligands other the ability to bind to different ligands. These co-stimulatory 

than the natural ligand to provide the required fWmeric receptors can ^overcome > the ^ of counter- 

co-stimiilatarv simaL 10 rccc P tor expression by certain virally-infected cells, tumor 

^ lsnaL cells, or otherwise potentially immunogenic target cells, and 

SUMMARY OF THE INVENTION ^P 0 "*™* of of J V* 

encounter with soluble antigen (e.g., cell-free virus 

Novel co- stimulatory receptor chimeric DNA sequences, particles) in the absence of AFCs. 

expression cassettes and vectors containing these sequences, Definitions 

as well as cells containing the chimeric DNA and novel The term "effector function" refers to the specialized 

chimeric receptor proteins expressed from the sequences, runction of a differentiated celL Effector 

are provided where the novel co-stimulatory chimeric DNA for CMm^le. maybe cytolytic activity or helper activity 

sequences comprise three domains which do not naturally deluding the secretion of cytokines. 

exL togetherTl) at least one cytoplasmic domain, which cfaim ? ic cffbcto f ^ctionreceptor" refers to a 

~l^rZr i.™ 7^^J;^Zp7^^^w«^ 20 chimeric receptor that comprises an extracellular domain, a 

normaUy transduces a co-stimulatory signal resulting in t raiisinembran7^do I nainlnd a cytoplasmic domain as 

a*va*» of a messenger system^ (Z) at least oae^smem- m ^ N<x 535 ^^Z extraceUuIar 

brane domain, which crosses the outer cellular membrane, do3naill ^ a md t^,^ a signal to the cyto- 

and (3) at least one e^fluto recite domain which p^a^^^^ 

serves to bind to a ligand and transmit a signal to the „ J' ^ in - , - ^ r< __ T ^_ lfi 

cytoplasnncdon^^in.^^^ ^^^SXS^Sio the effect 

1 tJ^ A JLS^ m?**"* Jf*"^ function signal provided by fce native T cell receptor (TCR) 

Particukriv, cy^ink DNA s^uenccs ^stmmtoy in a ceU ^a chimeric effectcr function receptor protein 

mdecuks such « the CTB8. CTLA-4 « OM «U srface ^ ^ ^ rf a JJ^i 

receptor are enn^oye4 joined to otter than their natural M ^phc term "^stimulatory signaFrefers to the activation 

extracellular domain by a transrambrane domain. In this ^ ^ C0M ^^ tween a Ugasd ^ a 

manner, host cells that j^ss the chimeric co-sdnuUatory co-stunnUttory receptor molecule on a ocU which acts in 

recepto protein can receive the necessary c^stiimLtoory Sector function signal 

signal by contect with the hgand as contrasted witti Ac 'xhetenn "co-sdmulatory chimeric recep^refers lo a 

T^LkL..** <• f domain. 3J cfaime[ic fec ^ ^ con^j^ ^ extracellular ligand 

Additor^ anbodiments aftfae «>-^rnulatary rectors doS, transmerrJbmne domain and a cytoplas- 

include hybrid chimeric receptors which contain both a J* t** ^^.^tt.iirt. 

cytoplasmic domain sucha7aO>3 chain of the TCR, for T^^Lf^tf domain. The exti^eUuUj 

tjfuyiflanut w ^ flUUiaa a , . , . tV^L_ domain and the cytoplasmic domain are not naturally found 

example zeta, as well as a cytoplasmic domain derived from ^ a ^U/ZIIZL 

alo^tiimilatory molecule such ks CD28, in a single chain toother on a single receptor proteuL 

a xxrsuujxumxny ^jit^uic ouvu « kmo % ul a wiaiii ^ ^ ^ general embodiments the present invention 

to pnmde^ a TCR actuation signal and a co-stmiiuatory dc ^ bes ^ cc . stinittlatory chimeric receptor proteins, 

signal in the host celL nucleic acid sequences eiicoding the receptors, the vectors 

The DNA encoding the co-stimulatory chimeric receptors containing the nucleic acid sequences encoding the 

associated with regulatory sequences that permit the tarn- receptors, host cells expressing the receptors and methods of 

scription and translation of the receptor gene and its expres- ^ using ibe receptors to augment effector function of cells, to 

sion in a host cell is transduced into a host cell for production augment lymphocyte proliferation, to protect lyinphocytes 

of the co- stimulatory chimeric receptor protein. The present from anergy. In one embodiment of the invention, a novel 

invention further includes methods of using the co-stimulatory chimeric receptor is provided containing an 

co-s timulator y chimeric receptors for cell proliferation and *rtr»c*ih\}frr ligand binding domain ^ a cytoplasmic 

as therapeutics for treating cancer and disease. 50 co-stimulatory signaling domain that do not naturally exist 

DESCRIPTION OF THE DRAWINGS ^^c^^S^^^^p^ are designed for 

FIGS. 1A through ID illustrate the structures of the expression in cells, particularly lymphocytes, to augment 
co-stixmilatory chimeric receptors of the invention. proliferation and/or effector function of the cells In response 

1-16) as described in the Examples, infra. invention wi^xpand in number (prolir^)lTre^iise to 

DETAILED DESCRIPTION OF THE SPECIFIC mc Wn^g of a ligand to the extracellular ligand binding 

EMBODIMENTS domain. The extracellular domains include, but are not 

60 limited to cell surface differentiation antigens, e.g. CD4, 

The present invention discloses novel co-stimulatory chi- CD8, etc, a secreted targeting molecule, e.g. interieukin-14 

merle receptor proteins and DNA sequences encoding these (IL-14), etc, a cell surface/secreted targeting molecule, eg. 

novel proteins. an antibody (Ab) or single-chain antibody (Sab), antibody 

These receptors may be introduced into host cells such as fragments, etc., a cell adhesion molecule, eg. JCAM, LFA- 

rymphocytes to augment proliferation of the cells in vitro 63 1, etc, or portions or derivatives thereof, 

and invivo. The receptors may be introduced into host cells The co-stimulatory chimeric receptor of the invention cm 

already expressing a chimeric effector function receptor be introduced and expressed in host cells containing native 
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T cell receptors or expressing chimeric effector function 
signaling receptors as described in U.S, Pat No, 5359,046 
to augment effector function of the cells, for example to 
increase cytolytic activity, to increase cytokine production, 
to augment proliferation or to protect the cells from anergy. 
In addition, differentiation and/or maturation of the host 
cells, e.g. native T cells, may be augmented by the 
co-stimulatory chimeric receptors of the invention, 

Alternatively, hybrid chimeric receptor molecules com- 
prising an extracellular ligand binding domain, a transmem- 
brane domain and a combined cytoplasmic domain com- 
prising an effector function signaling domain, e.g. zeta, 
linked to a co-stimulatory signaling domain, eg. CD28. are 
introduced into host cells (FIG. IB). Upon introduction of 
these novel hybrid co-stiinulatory/effector function ctdmeric 
receptors into cells, both a primary effector function signal 
and a co-stimulatory signal can be regulated by addition of 
a fttn gie ligand that binds to the extracellular domain of the 
hybrid receptor. 

If the co-stimulatory chimeric receptor of the invention is 
expressed in host cells already expressing the chimeric 
effector function receptors of U.S. Fat No. 5359,046, for 
example the CD4/zeta chimeric receptor, then the effector 
function of the dual chimeric receptor expressing cells, eg. 
cytotoxicity or cytokine production, can be activated and/or 
augmented upon addition of the same ligand. Alternatively, 
the ligand that binds to the extracellular binding domain of 
the chimeric effector function receptor may differ from the 
ligand that binds to the extracellular domain of the 
co-stimulatory chimeric receptor. In that case, an effector 
function signal will only result if both tigands bind to their 
respective extracellular domains. This can optimize speci- 
ficity of response of the host cell because it will require two 
different target molecules to signal effector function. For 
example, where one target ligand is associated with a 
particular cancer cell and the ether target ligand is associated 
with a particular cell type, then the host cell will be directed 
to function only when both cells types are present 

The cytoplasmic domain of the co-stiiniilatory chimeric 
receptor proteins may be derived from a protein which is 
known to activate various messenger systems. The protein 
from which the cytoplasmic domain is derived need not have 
ligand binding capability by itself, it being sufficient that 
such protein may associate with another protein providing 
such capability. 

Cytoplasmic regions of interest include CD28 and CTLA- 
4, CD2, CDS, ICAM-1, Leukocyte Functional Antigen 
(LFA-1) (CD1U/CD18) and Heat Soluble Antigen (HSA). 
and such other cytoplasmic regions capable of transmitting 
a co-stimulatory signal as a result of interacting with other 
proteins that bind to a ligand. A number of cytoplasmic 
regions of functional fragments or mutants thereof may be 
employed, generally ranging from about 50 to 500 amino 
acids, where the entire naturally occurring cytoplasmic 
region may be employed or only an active portion thereof. 

While usually the entire cytoplasmic region will be 
employed, in many cases, it will not be necessary to use the 
entire chain, To the extent that a truncated portion may find 
use, such truncated portions may be used in place of the 
intact chain, 

Additionally, the chimeric receptors of the invention 
include hybrid receptors mat contain a cytoplasmic domain 
of (he co-stimulatory molecule and the entire or a portion of 
the cytoplasmic domain of the CD3 chains of the T cell 
receptor, for example the zeta, eta, delta, gamma or epsHon 
chains of the T cell receptor, or the beta and gamma chains 
of the FccRl receptor, B29, or a tyrosine kinase such as a 
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member of the Syk tyrosine kinase family which activates 
cytolysis, Syk or ZAP-70, where the cytoplasmic domain is 
capable of activating effector function in a host celL As an 
example, the C-terminus of a CD4/CD28 receptor is joined 
s to the N-tenninal residue of the cytoplasmic domain of zeta 
(amino add residue 203 of CD28 cytoplasmic domain 
joined to residue 31 of the zeta cytoplasmic domain) by 
oligonucleotide directed splicing, resulting in a chimeric 

motfffllf With thr ^nfr^T^"^ transmembrane portions 

io of CD4 and the cytoplasmic domains of GD3-zeta and CD28 
linked head-to-tail (see FIG. 1). Thus, binding of the appro- 
priate ligand, eg. gpl20 to the extracellular domain (CD4) 
results in the transduction of both a primary activation signal 
and a co-stirnulatory signal simultaneously. 

15 The transmembrane domain may be contributed by the 
domain of the protein contributing the cytoplasmic portion, 
the domain of the protean contributing the extracellular 
portion, or a domain associated with a totally different 
protein. In some cases, it will be convenient to have the 

20 tamsinemhrane domain naturally associated with one or the 
other of the other ^roV"*, particularly the extracellular 
domain. In some cases it will be desirable to employ the 
transmembrane domain of the zeta, eta or FccRly chains or 
related proteins or of the co-stimulatory proteins, for 

25 example CD28 or CTLA-4, which contain a cysteine residue 
capable of disulphide bonding, so that the resulting chimeric 
protein will be able to form disulphide linked dimers with 
itself, or with unmodified versions of the chains or 
^stimulatory proteins. In some instances, the transmem- 

30 brane domain will be selected to avoid binding of such 
domain to the transmembrane domain of the same or dif- 
ferent surface membrane proteins to minimize interactions 
with other members of me receptor complex In other cases 
it will be desirable to employ the transmembrane domain of 

35 zeta, eta, FceRlyl or the co-stimulatory protein, in order to 
retain physical association with other cell surface receptors 
or proteins. 

The extracellular domain may be obtained from any of me 
wide variety of extracellular domains or secreted proteins 

40 associated with ligand banding and/or signal transduction. 
The extracellular domain may be part of a protein which is 
monomelic, homodimeric, heterodimexic, or associated with 
a larger number of proteins in a non-covalent or disulfide- 
bonded complex. 

45 In particular, the extracellular domain may consist of 
monomeric or dimeric iinmunoglobulin (Ig) molecules, or 
portions or modifications thereof, which are prepared in the 
following manner. The full-length IgG h eavy c h ai n com- 
prising the VH, CHI, hinge, and the CH2 and CH3 (Fc) Ig 

so domains is fused to the co-stimulatory cytoplasmic signal- 
ling domain via the ap pro pri ate transmembrane domain. If 
the VH domain alone is sufficient to confer antigen- 
specificity (so-called "single-domain antibodies'*), 
homodimer formation of the Ig-co-stimulatory chimera is 

55 expected to be functionally bivalent with regard to antigen 
binding sites. If both the VH domain and the VL domain are 
necessary to generate a fully active rinding site, both the 
IgH-co-stinmlatory molecule and the full-length IgL chain 
are introduced into cells to generate an active antigen- 

60 binding site. Dimer formation resulting from the intermo- 
lecular Fc/hinge disulfide bonds results in the assembly of 
Ig-co-stiniulatory chimeric receptors with extracellular 
domains resembling those of IgG antibodies. Derivatives of 
these chimeric receptors include those in which only por- 

65 tions of the heavy chain are employed in the fusion. For 
example, the VH domain (and the CHI domain) of the heavy 
chain can be retained in the extracellular domain of the 
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Jg-co-stimnlatory chimera, but VH-dimers are not formed, differentiation (CD) antigens such as CD4, CD8, cytokine or 

As above, the fun-length IgL chain can be introduced into hormone receptors or adhesion molecules. The receptor may 

cells to generate an active antigen-binding site* be responsive to a natural ligand, an antibody or fragment 

The extracellular domain may consist of an Ig heavy thereof, a synthetic molecule, e.g., drug, or any other agent 

chain which in turn may be covalently associated with an Ig 5 which is capable of inducing a signal. Thus, in addition to 

light chain by virtue of the presence of the CHI region, or CD receptors, Hgands for receptors expressed on cancer cells 

may become covalently associated with other Ig heavyflight could supply the extracellular domain of the chimeric rccep- 

chain complexes by virtue of the presence of hinge, CH2 and tors of the invention. For example human Heregulin (Hrg) a 

CH3 domains. The two heavy/light chain complexes may protein similar in structure to Epidermal Growth Factor 
have different specifidries, thus creating a chimeric receptor 10 (EGF), has been identified as a ligand for the receptor Her 3 

which binds two distinct antigens. Depending on the fane- which is expressed on the surface of breast carcinoma cells 

tion of the antibody, the desired structure and the signal and ovarian carcinoma calls (Holmes et aU Science 

transduction, the entire chain may be used or a truncated 256:1205-1210 ( 1992)). The rnurine equivalent is the "Neu" 

chain may be used, where all or a part of the CHI, CH2 or protein (Bargman et al., Nature 319:226-230 ( 1986)). The 

CH3 domains may be removed or all or part of the hinge 15 extracellular domain of Hrg could be Joined to the CD28 or 

region may be removed. CD4 transmembrane domain and the CD2S co-stimulatory 

Because association of both the heavy and light V receptor cytoplasmic domain to forma chimeric construct of 

domains are required to generate a functional antigen bind- the invention to augment the effector function of T ™* IVe to 

ing site of high affinity, in order to generate an Ig chimeric kin breast carcinoma cells. Id addition, either member of a 

receptor with the potential to bind antigen, a total of two 20 ligand/receptor pair, where one is expressed on a target cell 

molecules will typically need to be introduced into the host such as cancer cell, a virally infected cell or an autoimmune 

celL Therefore, an alternative and preferred strategy is to disease cause cell may be used as an extracellular domain in 

introduce a single molecule bearing a functional antigen the present invention. Moreover, receptor-binding domains 

binding site. This avoids the technical difficulties mat may of soluble protein ligands or portions thereof could be used 

attend the introduction and coordinated expression of more 25 as extracellular domains. Binding portions of antibodies, 

than one gene construct into host cells. This "single-chain cytokines, hormones or serum proteins can also be used, 

antibody* (SAb) is created by fusing together the variable Alternatively, soluble components of the cytokine receptors 

domains of the heavy and light chains using an oligo- or such as IL-6R, IL-4R and n^7R can form the extracellular 

polypeptide linker, thereby rccc*istituting an antigen binding domains (Boulay and Paul, Current Biology 3:573-581 

site on a single molecule. 30 (1993)). 

Single-chain antibody variable fragments (SAbFv) in In addition, "hybrid" extracellular domains can be used, 
which die C-terminus of one variable domain (VH orVL) is For example, two or more antigen-binding domains from 
tethered to the N-terminus of the other (VL or VH, antibodies of different specificities, two or more different 
respectively), via a oligo- or polypeptide linker, have been ligandrWnding domains, or a combination of these domains 
developed without significantly disrupting antigen binding 35 can be connected to each other by oligo- or polypeptide 
or specificity of the binding (Bedzyk et at, I Biol Chem. linkers to create multispecific extracellular ligand binding 
265:18615 (1990); Chaudhary et aL, Proc. NatL Acad. Sci domains. These domains can be used to create 
87:9491 (1990)). The SAbFvs used in the present invention co-stimulatory chimeric receptors of the invention which 
may be of two types depending on the relative order of the will respond to two or more different extracellular Hgands. 
VH and VL domains: VH-l-VL or VL-l-VH (where T 40 The extraceUular domain may consist of a CD receptor, such 
represents the linker). These SAbFvs lack the constant as CD4, joined to a portion of an immunoglobulin molecule, 
regions (Fc) present in the heavy and light chains of the for example the heavy rhnin of Ig. 
native antibody- In another aspect of the present invention. Where a receptor is a mfti«mi«r complex of proteins, 
the SAbFv fragment may be fused to all or a portion of the where only one chain has the major rde of binding to the 
constant domains of the heavy chain, and the resulting 43 ligand, it win usually be desirable to use solely the extra- 
extracellular domain is joined to the cytoplasmic domain via cellular portion of the ligand binding protein. Where the 
an appropriate transmembrane domain that will permit extracellular portion may complex with other extracellular 
expression in the host celL The resulting chimeric receptors portions of other proteins or form covalent bonding through 
differ from the SAbFvs, described above, in that upon disulfide linkages, one may also provide for the formation of 
binding of antigen they initiate signal transduction via their so such dimeric ***r*f»iftiijtr region. Also, where the entire 
cytoplasmic domain. extracellular region is not required, truncated portions 

To aid in the proper folding and efficient expression of the thereof may be employed, where such truncated portion is 

chimeric receptors, the antibody-derived extracellular functional In particular, when the extracellular region of 

domains may be connected at their C-tmninal end to one of CD4 is employed, one may use only those sequences 

a number of membrane hinge regions which are a normal 35 required for binding of gpl20, the HIV envelope grycopro- 

part of membrane-bound immunoglobulin molecules. For te&n. In the case in which Ig is used as the extracellular 

example, the eighteen amino acids of the IGHG3 Ml exon region, one may simply use the antigen binding regions of 

may be used (Bensmana and Le franc, ImmunogeneU the antibody molecule and dispense with the constant 

32321-330 (1990)). The TM domain is attached to the regions of the molecule (for example, the Fc region coo- 

C-terminal end of the membrane hinge. B is also contem- 60 sisting of the CH2 and CH3 domains), 

plated that membrane hinge sequences may be used to In some instances, a few amino »rM» at the joining region 

connect nnn^antftvviy derived ^fpyHInlnr Awnainn tn th* of the natural protein may be deleted, usually not more than 

transmembrane domains to increase chimeric receptor 30, more usually not more *fr* n 20. Also, one may wish to 

expression. introduce a small number of amino acids at the borders. 

Various naturally occurring receptors may also be 65 usually not more than 30, more usually not more than 20. 

employed as extracellular domains, where the receptors are The deletion or insertion of amino acids will usually be as 

associated with surface membrane proteins, including cell a result of the needs of the construction, providing for 
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convenient restriction sites, ease of manipulation, improve- level of expression desired, the nature of the target host,and 
ment in levels of expression, or the like. In addition, one may the like. Tnus, onemay povide ^or^ex^^upon affer- 
wish to substituted or more ammo adds wim a dfferem entiation or m**^ of the target host, activation of the 
amino add ^ simtereasons, ^f^^Bg mc« ^^Z^TpromoUrs have been described in the 
than about five annuo adds in any ^^^^ 5 lit^a^ wmch are SnXtive or inducible, where indue 
plasmic domain will generally be from about 50 to 500 don \^ ass(X ^ ^ a sr^^ 
amino adds, depending upon the particular domain ^STk^ numbcTof vtadpro- 
employed. The traiisinembrane domain win generally have m whid) may also find use. Promoters of 

from about 25 to 50 amino adds, while the extracellular bamgt kd(jde me ^tctin promoter, SV40 early and late 
domain will generally have from about 50 to 500 amino 10 prcHIloterS( inimunoglobulin promoter, human cytomega- 
adds. lovirus promoter, and the ftiend spleen f ecus-forming virus 

Normally, the signal sequence at the 5' terminus of the promoter. The promoters may or may not be associated with 
open reading frame (ORF) which directs the chimeric pro- enhancers, where the enhancers may be naturally associated 
tern to the surface rnembrane will be the signal sequence of me particular promoter or associated with a different 

the extracellular domain. However, in some instances, one 15 promoter. 

may wish to exchange this sequence for a different signal The sequence of the open reading frame may be obtained 
sequence. However, since the signal sequence will be from genomic DNA, cDNA, or be synthesized, or combi- 
removed from the protein, being processed while being nations thereof. Depending upon the size of the genomic 
directed to the surface membrane, the particular signal DNAaMmcmimberc€iiUtons,oiieinay wishtousecDNA 
sequence will normally not be critical to the subject inven- 20 or a combination thereof . In many instances, ft is fotnrf tt^ 
^Similarly, associated wim me sig^ introns stabilize the mRNA. Also, one may provide for 

a iiaturally occurring cleavage site, which wffl also iic*mally non-coding regions which stabilize the mRNA. 
be the naturally occurring deavage site associated with the A termination region will be provided J to the cytoplas- 
signal sequence or the extracellular domain. mic domain, where the termination region may be natoaUy 

Ucands for binding to the extracellular domain can be 25 associated with the cytoplasmic domain or may be derived 
antiSnsmcluding viral proteins, e.g. gpl20 and gp41 enve- from a different source. For the most part, the termmation 
lcoe wotdnsof^ regions are not critical and a wide variety of tenmnatton 

and C viruses, the gB and other envelope glycoproteins of regions may be employed without adversely affecting 
human cytomegalovirus (CMV), the envdope proteins from expression. 

the Kaposi's sarcoma-associated berpes virus, and surface 30 The various inanipulations may be earned out m vitro or 
mtelasfound on cancer cells, e.g. the IL- 14 receptor, CD 1 9 may be introduced into vectors for do ning in an aryropriate 
and CD20 for B cell rympboma, the Lewis Y and CEA host, e.g., £. coll Thus, after each manipulation, the result- 
antigens for a variety of carcinomas, the Tag72 antigen for ing construct from joining of the DNA sequences may be 
breast and colorectal cancer. EGF-R for lung cancer and the doned, the vector isolated, and the sequence screened to 
HER-2 proteins which is often amplified in human breast 35 insure that the sequence encodes the desired dumeric pro- 
and ovarian carcinomas. For other receptors, the receptors tein. The sequence may be screened by restriction analysis, 
and ligands of particular interest are CD4, where the ligand sequencing, or the like. Prior to doning, the sequence may 
is thelSv gpl20 envdope glycoprotein, and other viral be amplified using PCR and appropriate pnmers, so as to 
receptors, for example ICAM, which is the receptor for the provide for an ample supply of the desired open reading 
hiirn^ rhinovirus, and the related receptor molecule for 40 frame, while reducing the amount of Eliminating DNA 
poliovinis. fragments which may have substantial homology to the 

The chimeric constructs, which encode the chimeric portions of the entire open reading frame, 
receptor protein according to this invention are prepared in The chimeric construct may be introduced into the host 
conventional ways. Since, for the most part, natural cell in any convenient manner. Techmq^ indude^ldiim 
sequences may be employed, the natural genes may be 45 phosphate or DEAE-dextran mediated DNA transection, 
isobtedandmaiu^ilate^ ciectroporation, protoplast fusion, liposome ^ma^^ 

me proper joining of the various dcniaias. Thus, one may tics using DNA-coated particles, transfecUon. and infection, 
prepare the truncated portion of the sequence by employing where the chimeric construct is introduced into an appro- 
mVpolymerase chain reaction (PCR), using appropriate priate virus, e.g. retrovirus, adenovirus, adeno-assoaated 
primers which result in deletion of the undesired portions of 50 virus, Herpes virus, Sindbis virus, papilloma virus, parucu- 
the Rene. Alternatively, one may use primer repafr, where the larly a non-repHcative form of the virus, or the like. In 
sequence of interestmay be cloned in an ar^ropriatehostln addition, direct injection of naked DNA or protein- or 
timer case, primers may be employed which result in Ur^d-complexed DNA may also be used to introduce DNA 
termini, which allow for annealing of the sequences to result into cells. 

in the desired open reading frame encoding the chimeric ss Once the target host cell has been transformed, integration 
croteiiL Thus, the sequences may be selected to provide for will usually result However, by appropriate choice of 
restriction sites which are Hunt-ended, or have complemen- vectors, one may provide fox episomal maintenance. Alarge 
tary overlaps. During ligation, it is desirable that hybridiza- number of vectors are known which are based on viruses, 
Hon and ligation does not recreate either of the original where the ccpy number erf the virmm 
restriction ate. 60 low enough to maintain the viability of the cell. IUustrative 

If desired, me extracellular domain may also include the vectors indude SV40, BBV and BPV. / 
transcriptional initiation region, which will allow for expres- Once one has established that the transformed host cell 
sion in the target host Alternatively, one may wish to expresses the chimeric protein as a surface membrane pro- 
provide for a different transcriptional initiation region, tein in accordance with the desired regulation and at a 
which may allow for constitutive or inducible expression, 63 desired level, one may men determine whether the trans- 
depending upon the target host, the purpose for the intro- memhrane protein is functional in the host to provide for the 
taction of the subject chimeric protein into such host, the desired co-stimulatory signal induction. 
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The effects of co-stimulation Id lymphocytes can be cells, parasite-infected cells, or any other diseased cells 

measured by a variety of techniques known to those stalled would be targets for receptor-contaimng lymphocytes, 

in the art For example, augmentation of proliferation can be Among the lymphocytes which can be used to treat 

detexmined by measuring fteiiu^^ human disease are cytotoxic CD8+ T cells (CTLs) which 

thymidine or orotic acid to measure DNA synthesis follow- 5 have been engineered with phiiwrir receptors containing 

ing ligand binding to the co-stimulatory chimeric receptor of extracellular domains which recognize specific antigens and 

the invention. The incorporatioo of bronKxieoxyuiidine into can be used to augment proliferation and/or lolling of 

newly synthesized DNA can be measured by immunological infected cells in a variety of viral, and parasitic diseases, 

staining and the detection of dyes, or by ELISA (Enzyme- where the infected cells express the antigens from the 
linked immunosorbent assay) (Doyle et aL, Cell and Tissue to pathogen. In particular, a>- stimulatory chimeric receptor- 

Culture: Laboratory Procedures, Wiley, Chichester, CTLs would be particularly effective against viral diseases 

England, (1994)). The mitotic index of cells can be deter- where transplanted autologous CTLs have shown some 

mined by staining iu&d microscopy, by the fraction labeled efficacy, such as CMV (Reusser et aL, Blood 78:1373-1380 

mitoses method or by FACS analysis (Doyle et at, supra, (1991), Riddell et aL, Science 257:23^-241 (1992)) or 

(1994); Dean, Cell Tissue Kinet. 13:299-308 (1980); Dean, IS where explained and expanded CTLs continued to have 

Cell Tissue Ktneu 13:672-681 (1980)). The increase in cell cytolytic activity against viraliy infected cells, such as HIV 

size which accompanies progress through the cell cycle can (lieberman et aL, Aids Res, and Human Retroviruses 

be measure by centrifugal ehitriation (Faha et aL, /. Virol 11:257-271(1995)). These chimeric receptors can be con- 

67:2456-2465 (1993)). Increases in the number of cells may structed with extracellular domains which recognize the 

also be measured by counting the cells, with or without the 20 viral envelope proteins. For example, SAbs which recognize 

addition of vital dyes. In addition, signal transduction can either gpl20 or gp41, or the CD4 extracellular domain 

also be measured by the detection of phosphotyrosine, the in which recognizes gpl20 can be used to engineer KIV- 

vitro activity of tyrosine kinases from activated cells, c-myc specific CTLs. Onmeric receptor-CTLs can also be engi- 

induction, and calcium mobilization, neered far use against other viruses, such as Hepatitis B 

TCR binding results in the induction of CD69 expression 25 virus. Hepatitis C virus, Kaposi's sarcoma associated Herpes 

and cytokine secretion. The ability of a co-stimulatory virus, the Herpes Simplex viruses, Herpes Zoster virus, and 

chimeric receptor of the invention to provide co-stimulation papilloma viruses. Another target for the engineered CTLs 

with suboptimal doses of a ligand that stimulates the TCR, are neoplastic cells which express cancer-specific neoanti- 

is measured by a restoration of CD69 induction and aug- gens or over-express specific membrane proteins. Examples 

mented cytokine secretion as described, for example, in the 30 include the DL-14 receptor, CD19 and CD20 for B cell 

examples, infra. lymphoma, the Lewis Y and CEA antigens for a variety of 

The subject chimeric receptors may be used to augment carcinomas, the Tag72 antigen for breast and colorectal 

the proliferation, and effector function (including cytolysis cancer, EGF-R for lung cancer, and the HER-2 protein 

and cytokine secretion) of immune cells and increase resis- which is often amplified in human breast and ovarian 

tance of those cells to anergy. For example, the 33 carcinomas. Chimeric receptor-CTLs can also be used to 

co-stimulatory chimeric receptors of the invention can be target autoimmune cells in the treatment of autoimmune 

used to deliver cytokines in vitro and in vivo. One measure diseases such as Systemic Lupus Erymematosis (SLB), 

of T cell activation is the production of cytokines. This is myasthenia gravis, diabetes, rheumatoid arthritis, and 

true for both CD4 and CD8 T cells. Moreover, cytokine Grave's disease. 

production is also susceptible to anergy when T cells are 40 CD4 + helper T cells (THs) engineered with chimeric 

stimulated via the, TCR without co-stimulation through receptors containing extracellular domains which recognize 

CD28. Another aspect of CD28 co-stimulation is its ability specific antigens can also be used to treat human disease. In 

to augment cytokine production by increasing transcription particular, lyrnphokine production by chimeric receptor-THs 

of cytokine genes and stabilizing cytokine mRNAs. CD4+T may be effective against cancer cells and mycobacterial 

cells in addition to CD8+ T cells expressing chimeric 43 infections, including Mycobacterium avium, Stycobacte- 

receptors may be of particular interest because they have a Hum tuberculosis and Mycobactium leprae. 

greater capacity for cytokine production. Any number of Various cell types containing the chimeric constructs 

cytokines are of interest because of their potential relation- described above may be grown in an appropriate nutrient 

ships to certain disease states, but in particular the presence medium for expansion or may be expanded directly in (he 

of IL-2, IL-4. and y-IFN production is important because of so body via signaling through the chimeric recep t ors, depend- 

their immunomodulatory activities, TNF for its anti-tumor ing on the cell type, and used in a variety of ways, 

effects, and IFN-cc for its anti-viral effects. Additional types of cells that would benefit from the 

The chimeric receptors may be introduced into cells that introduction of the chimeric receptors of the invention 

already contain a chimeric effector function receptor that include cells that have genes previously introduced or simul- 

stimulates effector function upon contact with a target 53 taneously introduced with a chimeric receptor which may 

ligand. The two chimeric constructs may respond to the serve in protein production or to correct a genetic defect 

same or different Uganda. Alternatively, a hybrid Production of proteins may include growth factors, such as, 

co-stimulatory chimeric receptor may be used which con- erythropoietin, G-CSF, M-CSE and GM-CSF, epidermal 

tainstxim aco^stimulatorysig^ powth factor, platelet derived growth factor, human growth 

function signaling domain. These cells would respond to a 60 factor, transfonning growth factor, etc, lymphokines, such as 

single target ligand by proliferating, expressing effector the inteiieukins. 

functions such as cytolysis and cytokine production and The recipient of genetically modified allogeneic cells can 
demonstrating increased resistance to anergy. Thus, these be immunosuppressed to prevent the rejection of the trans- 
lymphocytes can be activated by any group of cells which planted cells. In the case of imrnnnccornraxmised patients, 
contain specific membrane proteins or antigens which may 63 no pretransplant therapy may be required Another alterna- 
be d i stinguis h ed from the membrane proteins or antigens on tive source of cells to be transplanted are so-called **univer- 
normal cells. For example, neoplastic cells, virus-infected sal donor** cells which have been genetically engineered so 
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thai thev do not express antigens of the major hiirtccompat- induction of effector functions such as cyttHcod^, cytoldne 

S^WlexTmotecute which function in antigen production, proliferation and differentiation of various cell 

presentation types derived bom hematopoietic stem cells providing a 

Hiiih-titer retroviral producer lines are used to transduce continued source of effector cells to fight various^ diseases, 

the cTstimulatory chimeric receptor constructs into autolo- 's The zeta subunitoftheTcell receptaris associated notouly 

gous or allogeneic human T-cdls, hematopoietic stem cells with T cells, but is present in o&ct cytotoxic cells derived 

Mother ecus, described above through the process of from hematopoietic stem cells. Therefore, because stem 

naroviralineditfedgenetraiBferas described by LuskyetaL cells transplanted into a subject vu> a mcftod t>one 

in Blood 80:396 (19521 marrow transplantation exist for a lifetime, a continued 

A wide variety of target hosts may be employed, wraaUy to source cf effector cells is produced 

cells from vertebrates, more particularly, mammals, desir- chimeric receptors of me invention into hematopaetfc stem 

ably domestic animals or primates, particularly humans. The cells. Effector cells derived from gene-modified stem cells 

subject chimeric constructs may be used for the investiga- will express a chimeric effector function and/or a 

Uoiof particular pathways controlled by signal cc-stimulatory chimenc recqjtoc, and , f"^ e ^f* d ^? 

transduction, for initiating cellular responses employing is have enhanced capacity to fight vmdly infected cells, cells 

different llaands, for example, for inducing activation of a expressing tumor antigens, cells responsible for autoimmune 

particular subset of lyrnpbocytes. where the lymphocytes disorders, and have increased resistance to anergy. 

may be activated by particular surface markers of cell s, such Additionally, introduction of the chimerw receptors into 

aVneoplastic ceUsTvWBy infected cells, or other diseased stem cells with suteequent expression by both myeloid and 

cellTwmTprc^ta » lymphoid ^™J^^^ ve s ,<^ ?Sfwi£ 

which may be distinguished from the surface membrane immunccompromised indMdnals such as pattentswitt 
proteins on normal cells. Ttie cells may be further n*xHfied AIDS. This is because themaintenance of the lynnpbcad 
expression cassettes may be inmxtuced, where acti- cytotoxic cells (CD 8*) and the c^tinucd functwn of hdper 
vattonctftttel^eticallymc^ T cells (CDO may be impaired in AIDS patients due to a 

of a particular product. In this manner, one may provide for 25 failure of natural co-stiinulat^ 
directed delivery of specific agents, such as interferons, The chimeric receptor constructs of toe invention are 
TNF-s, pcrforans, naturally occurring cytotoxic agents, or introduced into hematopoietic stem ^J 0 "™**?, 
the like, where the level of secretion can be greatly enhanced marrow transplantation to permit expression of the *imerte 
over the natural occurring secretion. Furthermore, the cells receptors in all lineages derived from die hematopoietic 
may be specifically directed to the site using injection, so system. High-tiler retroviral producer hues are used to 
catheters, or the like, so as to provide for localization of the transduce the chimeric receptor constructs for example 

CD4/CD28, into both murine and human T-cells and human 

The subject invention may find application with effector hematopoietic stem cells frnxigh the px««s of retovM 
cells such as lymphocytes including cytotoxic lymphocytes mediated gene transfer as described by Lusky et aL in Blood 
(CTL) NaturTkaier cells (NX), tumor-infiltrating- 35 80396 (l^Fwtraiisductiontfhemat^ 
lymphocytes (TIL) or other cells which are capable of the bone marrow is harvested using standard imedicalpro- 
rSng cytokines or killing target cells when activated. cedures and then V^^^^fcrh^^ 
ThusTdiseased cells, such as cells infected with HTV. stem cells expressing me CD34 antigen astocribed by 
HTLV-I or n, cytomegalovirus, hepatitis B or C virus, Andrews etal in J.Ejp.Med. 169:1721 (1989). These cdb 
mycobacterial avium, etc.. or neopla^T cells, where the 40 are then incubated with the retroviral supernatants in the 
diseased cells have a surface marker associated with the presence of hematopoietic growth factors such as stem cell 
diseased state may be made specific targets of the effector factor and IL-6. The bone marrow transplant can be autolo- 
cells. In particular, diseased cells that lack the appnjpriate gous or allogeneic and depending on the disease to be 
cc-stimuSory ligands are targets for the cells expressing the treated, different types of condition^ reg^ns are used 
Z^Z^i^^tt^^tbcinySLJiypto. 45 (see. Surgical Clinics of North America 66:589 (1986)). The 
viding a receptor extracellular domain. e.g., CM. which recipient of the genetically modified stem cells can be 
Wads to a^urface marker of the pathogei or neoplastic treated with total body irradiation, chemotherapy using 
condition, e.g., gpl20 for HTV, the cells may serve as cydophosphamide, or both to prevent the rejection of the 
therapeutic agents. By modifying the cells further to prevent transplanted bone marrow. In the case of inimunocomprc- 
the expression or translocation of functional Class I and/or so mised patients, no pretransplant therapy may be r^ed 
n MHC antigens, the cells win be able to avoid recognition because there is no malignant cell population to eradicate 
by the hortunmune system as foreign and can therefore be and the patients cannot reject the infused marrow. In adth- 
therapcuticaliy employed in any individual regardless of tion to (he gene encoding the chimeric receptor, addihonal 
cenetic background. Alternatively, one may isolate and genes may be included in the retrovu^ construct, 
transfect host cells with the subject constructs and then 55 ITtefollc^exanmlesareby way of illustration and not 
return the transfected host cells to the host by way of limitation. 

Other applications include transduction of host cells from bvprrtmentat 
a given individual with retroviral vector constructs directing nMrai»mwim. 
the synthesis of the chimeric construct. By transduction of EXAMHB 1 

such cells and leintroduction into the patient one may 60 

achieve autologous gene therapy applications. Construction of CD4-CD28 Chimeric Receptor 

In addition, suitable host cells include hematopoietic stem 

cells, which develop into effector cells with both myeloid PCRwasusedto ann^theextraceUu^and&ansm^ 
andlymobddphenotype including grariulc«ytes,inast cells, brane portions of human CD28 from a cDNA library ci me 
basc^Tmaawhages. natural killer (NK) cells and T and 65 human T cell line Jurkat (dooTech) using octreotides 
BlyScyteTtoo^ction of the chimeric constructs of 3 and 4 (SEQ ID NOJ and SEQ ID NO*) (FIG. 2). A DNA 
the invention into hematopoietic stem ecus thus permits the fragment containing the human CD4 gene was obtained by 
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digesting (he plasmid pDCl.lCD4 a plasmid described in extracellular and trarisiwanbraae domains of CDSa and the 
VS. Pat. No. 5359,046 to Capon et aL witb EcoRI and NarL cytoplasmic domain of CD3 zeta. Hie CD8-F2 chimeric 
The C3>28rragmem was digested with BainHI and N and sequence was created in like manner by inserting an EcoRI- 
the two figments were ligated together and inserted into the BstETI fragment containing CD8-F3 hto the vector pJKl.l. 
pKM plasmid as described in VS. Pat No. 5359,046, 5 CD4-F2 as described in U.S. Pat No, 5359.046 and using . 
which had been cut with EcoRI and Bgl II by simultaneous oligonudeotide-directed mutagenesis (oligonucleotide 16 
double ligation. This yielded a new plasmid, (SEQ ID NO: 16), FIG. 2) to create a chimeric sequence 
pIKl.lCD4-CD28 which contained the entire coding where the extracellular domain of CD8cc is fused to the 
sequence of human CD4 juxtaposed to the coding sequence transmembrane and cytoplasmic domains of CD3 zeta. The 
of human CD28. The integrity of the new construct was 10 CD8-F2, CD8-F3/A, and CD8-F3/B sequences were men 
verified by DNAscquendru^ (Sanger etaU/W Natl Acad cloned into the BBV- based expression vector 
ScL USA 74:5463-5467 (1977)). From this template the p220J£DCl.lF3 by replacing a HindHI-Sfil fragment of 
CD4/CD28 chimeric receptors were made by oligonude- p220.2pIKl. 1. F3 containing the F3 sequences with HindJU- 
otide directed mutagenesis (Zoller and Smith, Nucleic Adds Sfil fragments containing CD8-F2, CD8-F3/A, or CD8-F3/ 
Res. 10:6487-6500) (1982). Oligonucleotides were is B. The p220*2pH£l.l. F3 plasmid was constructed by first 
designed to create new junctions at the desired sites within inserting a Hfrdm-Avrll fragment of pKl.l between the 
the CD4 and CD28 cDNAs (FIG. 2). Using mis technique Hindm and Xbal sites of p220 2 (Yates et at. Nature 
three CD4/CD28 chimeric sequences were created: CH28-1 313:812-815 (1985)) to give p220.2plKl.l, and then insert- 
consists of the extracellular and transmembrane domains of ing a Hindm-Sfll fragment from pDCl.lJ^ between the 
human CD4 fused to the cytoplasmic domain of human 20 HindlU and Sfil sites of p220.2pIKl.l to give 
CD28 (oligonucleotides 10 and 11 (SEQ ID NO: 10 and SEQ p220.2pIKLl.F3. The CD8-zeta constructs are depicted in 
ID NO:ll)); CH28-2 consists of the extracellular domain of FIG. IB. 
CD4 fused to the transmembrane and cytoplasmic domains Antibodies 

of CD28 (oligonucleotide 5 (SEQ ID N05)); and CH28-3 The OKT3, OKT4A, and OKT8 monoclonal antibodies to 

consists of the extracellular domain of CD4 fused to a 25 human CD3, CD4, and CD8a respectively, were obtained 

portion of the extracellular domain plus the entire trans- from Ortho Diagnostics Systems, Raritan. N J. Leu3A 

membrane and cytoplasmic domains of CD28 monodonal antibodies which recognize human CD4 and the 

(oligonucleotide 6 SEQ ID NO:6)). These constructs are Lcu23 antibody to human CD69 were obtained from 

depicted in FIG. 1A. The portion of the extracellular domain Becton-Dickinson Irnmunccytometry Systems, San Jose, 

of CD28 contains a cysteine residue (position 141) which is 30 Calif. The antibody W6732 recognizes an invariant detenni- 

impartant for the formation of homodimers of CD28 at the nam expressed on human HLA Class I antigens. The mouse 

cell surface. The pIKl.l plasmid vectors containing the IgG2a myeloma protein (Litton Bionetics, Kensington, Md.) 

CD4/CD28 fusions (CH28-1, 2, 3) and a selectable marker was used as a control antibody for FACS analysis, 

were created by blunt-end cloning of a Hindi fragment of Cell lines and Transections 

pUCRNeoG (Hudziak et aL, Cell 31:137-146 (1982)) con- 35 The human leukemic T cell Hne Jurkat was maintained in 

taming the neomycin phosrjhotransferase (neoO gene into RFMI 1640 supplemented with 10% fetal bovine serum 

pIKCH28-l, pHCCH28~2, and pIKCH28-3 which were cut (FBS), gbrtamine, penicillin, and streptomycin). Jurkat ceQ 

with SspL The resulting vectors contain the CD4/CD28 lines and clones transfected with the CH28 vectors (CH28-1, 

chimeric sequences whose expression is driven by a CMV -2, -3 and CH2-1, CH2-2 and CH2-3) were passaged in the 

promoter and the neo r gene driven by the RSV LTR. This 40 above medium with the addition of G41 8 (Geneticin, Gibco, 

vector will confer resistence to the drug GD18 when Grand Island, N.Y.) at 2 mgfaiL Electroporation of the 

expressed in eukaryotic cells. pIKl. l.CH28-neo and p220pIKL 1.CD8 (CD8-zeta) vectors 

ConstructioQ of CX>8-zeta chimeric receptors into Jurkat T cells was performed in a Gene Pulser (Bio-Rad, 

Plasmid vectors encoding CD8-zeta chimeric receptors Richmond, Calif.) using a voltage of 250 V and a capaci- 

were created by oUgonucdeoride-directed mutagenesis using A5 tance of 960 uF wim 20 ug of plasmid DNA per 10 7 cells, 

as templates DNA encoding the human CD8ct gene (ATCC After transection with pIKCH28-neo vectors, cells were 

No. 59565, Mol CeU. Biol 82837-2947 (1988)) and the grown for two days in RFMI before transferring to G418- 

plasmid CD4-F3 (pIKl.l.CD4-F3) chimeric receptor as containing medium. Clones of transfected cells were 

described in U.S. Fat No. 5359,046. A fragment containing obtained by limiting dilution and screened for CD8 or CH28 

the CD8a cDNA was amplified from the plasmid HBO- so (CD4) surface expression by flow cytometry (see below). 

pCD.Leu2 using oligonucleotides 12 and 13 (SEQ ID Jurkat cells transfected with the CD8-zeta vector were 

NO: 12 and SEQ ID NO: 13) (FIG. 2). The PCR product was passaged in 200 ug/ml hygromycm-COTtaining medium and 

cut with BstEH and EcoRI to give a 23 kb fragment cloned by limiting dilution, 

containing the entire coding sequence for CD8a. TTiis frag- Flow Cytometry 

ment was inserted between the BstETJ and EcoRI sites of 35 Approximately lxl0 6 cells/condition were stained with 

PIK1.1CD4-F3 to generate the plasmid pKl.lCD&-CD4- saturating concentrations of antibodies directly conjugated 

F3. Oligonucleotides were designed to create a new junction to the fluorochrome fluorescein isothiocyanate or wim unla- 

between CD8cc and CD4 sequences at the start of the CD4 beted antibodies followed by a fluoresceuvconjugated goat 

transmembrane region and the human CD8a C-terminus of anti-mouse IgG, and analyzed using a Becton-Dickinson 

the extracellular region* giving rise to the CD8-F3/A con- 60 FACScan instrument 

struct (oHgonucleotide 14 (SEQ ID NO: 14), FIG. 2). In like CD4-CD28 chimeric receptors provide co-stimulation for 

manner, CD8-F3/B (oligonucleotide IS (SEQ ID NO: 15)) GD3/TCR stimulation in Jurkat T cells 

was created by joining the CD8ct transmembrane domain The chimeric CD4/CD28 constructs described above - 

directly to the zeta cytoplasmic domain. Thus, the CD8- were transfected by dectraporation into Jurkat cells and the 

F3/A chimeric receptor contains the CD8a extracellular 65 transfected cells were selected in G418 and cloned by 

domain, the transmembrane domain of CD4, and the cyto- limiting dilution. Expression of the CD4/CD28 chimeric 

plasmic domain of CD3 zeta. CD8-F3/B consists of the receptor on Jurkat cell clones was quantified by flow cytom- 
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etry usina anti-CD4 antibodies. Jurkat T cell doncs express- Transduced T cells were analyzed far expression of the 

Sk conmarable levels of each of the CD4/CD28 chimeric CD4/CD28 chimeric receptor (CH28-3) by flow cytometry 

recWtas7cH28-l, CH2S-2, and CH28-3. were obtained. using anti-CD4 antibodies (Leu3A). The ability of OT28-3 

The ability of the CH28 chimeric receptors to function as to provide co-stimulation in primary human CD8+ T cells 

co-stimulatary molecules was evaluated using the induction 5 was tested in an in vitro assay. Activation of T cells by 

of tfaeT cell activation antigen CD69 as an indicator CI** stimulation of the TCR with andCD3re(^ the presence 

antibodies also resulted in the induction of C^<^ ssion measuring proliferation ( 3 H-TdR incorporation), CD69 

on JurioUT cells. At concentrations of anU-CD3 below 25 induction (FACS), and cytokine production (EUSA). T cells 

ng/ml no induction of CD69 was observed. Under these m treated with unlabeled anti-CD3 antibodies alone or 

conditions addition of anti-CD4 antibodies, which stimulate l5 antibodies plus anti-CD4 antibodies (to bind the 

the CD4/CD28 chiineric receptor, restored the induction of CH23-3 receptor) for 30 nun- at 4° C. Hie cells are washed 

CD69 expression. Stimulation of the CD4/CD28 receptor extensively to remove unbound antibodies and incubated in 

alone did not induce CD69 expression, nor did the control 24-weH tissue culture plates in wells coated with goat 

antibody. W6V32. These data show that all three of the anti-mouse IgG at 37° C Crosslinking of cell surface 

CD4/CD28 chimeric receptors (CH28-1, CH2S-2, CH28-3) 20 receptors in this way is suflScient to induce signal transduc- 

function as co-stimulatory molecules together with CD3/ tion. Krst, induction of CD69 expression wffl be detennined 

TCR stimulation in Jurkat T cells. by fl o w cytometry. T cells treated as described above will be 

Function of the CD4/CD28 chimeric receptor in Jurkat cells collected after 18 h incubation an analyzed for CD69 

expressing a zeta chimeric receptor expression by staining with a fluorcKOiroiT^Iabeled antibody 

Tote^whethermeCD4/CD28 chimeric receptor could 25 to CD69. It is expected tl^^ solx>ptaiua of an^CEO, 

provide co-stimulation for zeta chimeric receptor little to no induction of P^5^^^^ f 

sZu^^JuZ t cells expressing the CH2S-1 chirnerk Und^r^ cc^o^e ^^^^^^ 

CDS-zeta dximeric receptors described ^ rfc ?f* S^servesTa^itive controL^tfher miportant feature 
taktfCHB-l cells ^^^^F^^^^L 30 ofT c^lctiS fis the production of^toMnes, for 
limiting dilution, and aiialyzedfor ^ 8 ;.^ / ^f 1 I °°^ example IL-2, LV4, GM-CSF, and y-IFN. The ability of 
flow cytometry using anti-CDS antibodies (OKT8). Jurkat q£^3 expressing T cells to secrete cytokines in response 
CH2&-1 cells expressing each of me three CDS-zeta recep- ^ stimmat ion with or without CH2S-3-mediated 
tors were obtained. One clone expressing CD&-F2 (F10) and ^stimulation is detennioed using the experimental system 
one expressing CD8-F3/B (B6) were evaluated for 35 ^c^i above. Second, cytokine production is deterrnined 
^stimulation by the chimeric CD4/CD28 receptor. The by haTvesting the culture supernatant from the cells after 48 
ability of the CH28-1 receptor to provide co-stimulation h and measuring cytokine levels by EUSA (Quantikine kits, 
with suboptimal doses of anti-CD3 (TCR stimulation) and R&D Systems, Minneapolis Minn.)- As a control for these 
anti-CD8 antibodies (CD8-zeta stimulation) were compared, experiments T cells are cultured with soluble anti-CD3 and 
Anti-CD4 treatment restored CD69 induction in CH28-1/ 40 APCs. Thus, in these experiments, co-stimulation by faind- 
CD8~zeta expressing Jurkat cells stimulated with a subop- ing of the CH28-3 chimeric receptor should result in 
timal dose of anti-CD3. Moreover, anti-CD4 antu?odies also increased levels of cytokine production. The effect of 
restored CD69 induction in cells stimulated with low doses co-stinudation may vary for different cytokines. Third, the 
of anti-CD8. These results demonstrate that CD4/CD28 ability of CH2 8- 3 bearing T cells to proliferate is determined 
chimeric receptors can provide co-stimiuatkro for zeta-based 45 by measuring incorporation of ^-mymidine between 54-72 
chimeric receptors as well as for CD3/TCR stimulation. h after stimulation. The T cells are stimulated as described 
Thus, chimeric receptors employing the cytoplasmic domain above with anti-CD3 aiitibodies with or without anti-CD4 
of CD28 can be used in combination with chimeric effector co-stirnulation in 96-well tissue culture plates, with each test 
signal function receptors, eg. CD4/zeta, to generate cells re-produced in triplicate, after 54 h to cultore, 3H-myni^ 
with two functional signaling receptors providing both of the w is added, and the cells are harvested after 18 h. DNA from 
signals necessary for optimal T cell activation. the cells is harvested onto glass fiber filters and incorpora- 
tion of tritium measured by scintillation counting as a 
EXAMPLE 2 measure of DNA synthesis. Co-stimiuation by CH28-3 is 
Function of CD4/CD28 chimeric receptor in expected to support T cell proliferation at suboptimal doses 
primary human CD8* T cell lines s3 of anti-CD3, where little to no response is expected with 
CD4/CD28 chimeric receptors were introduced into pri- anti-CD3 *one. Similar cxp«imente arecarried out using T 
ma^ tnmJ CD8+ T abusing retrovirus vectors. To c^ expre^ 
ac^inplish this, the CH28-3 cmZic sequence was clone4 CH2^3. For example, using T ^ 
in^me^ovi^s vector pFTD2.28vg.F3 (e") (Finer et aL ^) * ™ «° ^^SZ^oTt. 
(1994) Blood 83:43) to create the retroviral vector 60 aunian Fc t^n^tS 
pRim2sv fr CH28-3 W This vector has the retroviral provide primary stimulation via SAb-zeta, 
genomic RNA expression driven by a CMV promoter, and EXAMPLE 3 
CH28-3 expression driven by the MMLV LTR. ^ . 4 . «f t 

in active growth are traii^c^wimmeCH28-3 genebythe 65 ^uumuu^ vu» 

Kat retroviral transduction packaging system (Finer et aL, lit has been reported that co-stimulation by anti-GD28 

Blood, supra). antibodies enhances the growth rate and cloning efficiency 
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of human CD8+ T cells grown in vitro (Riddell and alone. Antibodies directed against me extracellular domain 

Greenberg, supraX and may ailment their capacity for of cither of the chimeric CD2 constructs (OKT4) could elicit 

autocrine IL-2 production. Since the use of T cells express- the same response as that obtained upon stimulation of the 

ing chimeric receptors for in vivo therapy may require the native CD2. Specifically, OKT4 in combination with the 

generation of large numbers (MO 9 ) transduced T cells in s TCR antibody OKT3 led to augmentation of the TCR signal 

vitro prior to infusion, developing a means of increasing the by at least 3-fold* A similar co-stimulatory response was 

efficiency of this process would be of obvious benefit First, obtained upon stimulation of all three CD2 chimeric 

if cells could be expanded in vitro more rapidly, the initial proteins, and was similar to that obtained from the native 

number of donor cells could be reduced, and the time CD2 receptor. These results indicate that the cytoplasmic 

required to generate the necessary number of cells may be to domain of CD2 is sufficient for the synergistic effect of CD2 

shortened. Second, since retrovirus transduction requires on TCR-mediated T cell activation, 
that cells be in an active growth phase for successful 

integration of ptovirus, a means of driving a greater pro- EXAMPLE 5 

^^^^^^^^^^^^ c Protection from anergy by antibody-driven co- 

given time might increase the efficiency of retroviral trans- is stimulation 
duction. The ability of CD28-based chimeric receptors to 

perform these functions is tested by introducing the CH28-3 Stimulation of T cells through the TCR, for example by 
chimeric receptor into human primary CD8+ T cells, and anti-CD3 antibodies, in the absence of a co-stimulatory 
comparing the growth rates of these T cells when stimulated signal, such as one delivered via the cytoplasmic domain of 
weekly with anti-CD3 and APCs or anti-CD3 plus anti-CD4 20 CD28, results in a state of specific non-responsiveness 
plus APCs in the presence of IL-2. The growth rate is called anergy. Anergic T cells may proliferate initially in 
determined by detenmning the number of viable cells response to the anergizing signal, but are rendered non- 
present in the cultures and plotting cell number vs. time. The responsive to a second signal given through the TCR 
ability to augment retrovirus transduction efficiency is tested (Johnson and Jenkins, supra), ^stimulation of the TCR 
by exposing T cells with and without CH28-3 to retrovirus 25 and the CD28 receptor protect cells from entering a state of 
containing the gene fox a zeta-based chimeric receptor (e.g^ anergy. The ability of the CD28-based chimeric receptors 
F15) and determining by FACS analysis the percentage of such as CD4/CD28 to protect T cells frombecoining anergic 
cells expressing the zeta receptor. The expectation is mat T is tested as follows: T cells expressing CH28-3 will be 
cells with CH28-3, when co-stimulated with anti-CD4 anti- stimulated in vitro with antibodies to CD3 bound to a solid 
bodies win achieve higher numbers of cells in a shorter 30 surface (tissue culture wells) in the absence of APCs. In 
period of time than cells stimulated with antl-CD3 alone, parallel these cells are stimulated in wells coated with both 
and that CH28-3Tcelh co-stimulated wim anti anti-CD3 and anti-CD4 (which stimulate the CD4/CD28 
transduced with a higher efficiency that those cells stimu- receptor). As a control the T cells are stimulated with 
lated with anti-CD3 alone. anti-CD3 in the presence of APCs as described above. After 

35 7-10 days, the cells are stimulated a second time with 

EXAMPLE 4 anti-CD3 and APCs in each case. T cells originally cultured 

Construction of a CD4/CD2 Cfairneric Receptor ™*£*^* 01ie fafl tojr^erate (^incorpo- 

1 rate ^H-TdR) in response to anti-CD3 even under optimal 

CD4/CD2 chimeric receptors were constructed as conditions. If the stimulation of the CD28 chimeric receptor 

described above in Example 1. Oligonucleotides used to 40 affords protection from anergy. T cells expressing CH2&-3 1 

amplify CD2 DNA from the cDNA library were oligonucle- stimulated with anti-CD3 and anti-CD4 should respond 

otides 1 and 2 (SEQ ID NO:l and SEQ ID NO:2) (FIG. 2). normally to anti-CD3 in the presence of APCs. in the same 

CH2-1 consisted of the extracellular and transmembrane manner as cells stimulated originally with anti-CD3 in the 

domains of human CD4 fused to the cytoplasmic domain of presence of APCs. 

human CD2; CD2-2 consisted of the extracellular domain of 45 

CD4 fused tO the n gm^rnhrn nr. and cytoplasmic Hnwmin« EXAMPLE 6 

of CD2; and CH2-3 consisted of the extracellular domain of _ „ , n , t „ „ 

CD4 fused to a portion of the extracellular domain plus the Rmcdon ? f CH28-3 in ftimary human T cells 

entire traiismemhrane and cytoplasmic domains of CDZ expressmg a zeta-based chimeric receptor 

The portion of the extra cellular domain of CD2 contains a 50 Since it has been demonstrated that the CD2S chimeric 

cysteine residue (position 203) which is important for the receptors function in conjunction with zeta-based chimeric 

formation of homodimers of CD2 at the cell surface. Oli- receptors (above), this experimental model can also be used 

gonucleotides used to generate the fusions were as described with primary T cells expressing both a zeta-based chimeric 

in FIG. X CH2-1: oligonucleotide 7 (SEQ ID NO:7); receptor and CH2S-3. Primary human CD8+T cells express- 

CH2-2: oligonucleotide 8 ((SEQ ID NO:8); CH2-3: oligo- 35 ing a SAb-zeta chimeric receptor (F15, as described in U.S. 

nucleotide 9 (SEQ ID NO:9). These constructs are depicted pat No. 5359,046) are transduced with the CH28-3 chi- 

in FIG. 1A. meric receptor by retroviras-n>ediated gene transfer as 

The ability of the three CD4-CD2 chimeric receptors to described above. Cells expressing both chimeric receptors 

synergize with the native TCR in the manner of the native are identified by FACS analysis using anti-human IgG Fc 

CD2 receptor was evaluated by measuring IL-2 secretion. 60 antibodies to detect the SAb-z eta (F15) receptor, and anti- 

Three representative clones stably expressing the chimeric CD4 antibodies to detect CH2S-3. These cells are tested for 

constructs CH2-1, CH2-2 and CH2-3, respectively, were their susceptibility to anergy via CD3/TCR stimulation and 

subject to stimulation via the native CD3/TCR with Mab F15 stimulation as described above using anti-CD3 

OKT3 (Ortho) in the presence or absence of native CD2 antibodies, or anti-Fc antibodies (Caltag Laboratories, So. 

stimulation with the anti-CD Mab OKT11 (Ortho). At least 65 San Rancisco, Calif.) to stimulate the SAb-zeta receptor, in 

a Mold augmentation of IL-2 production was observed with the absence of APCs, together with anti-CD4 antibodies for 

CD2 co-stimulation as compared to stimulation via the TCR co-stimulation. 
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EXAMPLE 7 is in the absence of APCs. After 7-10 days, the cells will be 

exposed to 293 env cells, and their biological responses (Le., 
Protection from ancrgy induced by Co-stimulation- proliferation, cytokine production, and cytotoxicity) am 

Deficient Tumor Cells measured by standard assays as described above. CD8/F15 

Both F15 and CH28-3 recognize antigens displayed by s cells co-expressing CH28-3 are protected from Energy 
293 cells transfected with the HIV envelope gate. These "««»oed by soluble antigens, but those without the CD28- 
cells stimulate proliferation and serve as targets for lysis by based chimeric receptor are susceptible, 
cytotoxic T cells expressing F15 (Roberts et aL, Blood, EXAMPLE 9 

84(9)2878-2889 (1994)). APCs or target cells which are 

fixed (eg., by paraformaldehyde) are not able to provide 10 Enhancement of Anti-tumor Immunity in vivo in 
co-stimulation even though they express the appropriate transgenic mice expressing CH28-3 

antigen for recognition by T cells (Johnson and Jenkins. . m . , „ . , 

supra, and OttTand Germain Science 251:1228-1231 The murine T cell lymphoma line 1^ reduces nodular 
(1991)). The ability cf CH28-3 toprotectT cells from anergy lumars whcn introduced into syngcr«ic mice (Chen et at, 7. 
by ^im^e toftwd target cells fetested by coniparing the « Exp. Med. supra). EL4 cells lack expression of the B7 
^sofxSSSandvdtho^CI^live ***** £™™7l%J« £ K2 
293env cells after prior exposure to fixed 293 env cells. except by repeated injection of large ninnbm of irradiated 
CD8+ F15 T cells are co~cultured with an experimentally tumor cells (ibid.) In contrast, HL-4 cells transduced to 
oetermined number of live, nritomycin-treated or paraform- express B7 are unable to form tmnors in syngeneic mice, 
aldehyde fixed 293 cells expressing the HTV envelope » Instead, injection erf mice with EL-4/B7 cells causes the 
protein ttepresenceofJL-2. After 7-10 days the cells are regression of existing EL-4 tumors and confers tostang 
challenged by re-exposure to live 293 env cells. First, the protective immunity V***"***!*^^^ 
a^ofCD&JF15^ to proliferate in response to live, EL-4 cells (ibid.). The ability of CD28-based chrmenc 
imtcmydn-treated 293 env cells is determined by thymidine receptors to augment the immune response to a relatively 
incorporation assay. Second, cytokine production in * norwrnrnunogemc tumor is tested m^ousu^ce which 
response to 293 env is measured under the same experimen- ■«; transgenic for the expression afCH28-3. CH28-3 DNA 
tal conditions by ELBA as described above. Third, the is introduced into the genome cf C57BL/6 mux. which are 
antigen-specific cytolytic function of the cells is determined syngeneic to EL-4 ce^ by micro-mjecUon of toe fransgenic 
Si tteMM is*£ for target cell lysis (Matzinger, J. «P™? vc^p^cd2(en/dcr)CH28-3. In this ^vector 
IwLoL Methods 145:185 (1991)). Briefly, 293 env cells *> CH28-3 emmeric co-receptor is^pressed undertoe 
are labeled overnight with 3H-thymidine. and plated in «>»*°1 of the murine mammary leukerma virus f>IMLV) 
96-well plates the next day, together with CD8/F15 cells. promoter and a transcriptional control region of the CD2 
Lysis of the 293 env cells is determined by counting the gen* designated the enhancer-dcr region (Lake et aL, 
Snfof rad^ve ^released into me supernatant by EMBO « 129-3 136 (1990)). The CD2 cn/dcrttanscrip- 
tfae damaged cells in 6 h. The expectation is that CD8/F 15 35 tional control region drives expresion of toe CM gene in 
ceUslrithout CH28-3 wUl become anergic when exposed to lymphocytes, and has been shown to confer high level 
fixed 293 env cells, due to lack of co-stimulation, and will tissue-specific position-independent expression of the gene 
fail to proliferate, produce cytokines, or kill 293 env targets when introduced into Ac germ line of mice (Lang et aL 
upon re^posure-Kntra^VFlS cells which express NucUic Add, Re, 19^51-5856(1991))^ Therefore inte- 
CH28-3 wiUrecdvc the necessary co-stimulation from fixed « gration of the pIKJMaB (en«cr)CH28-3 vector into fte 
293 env. and win proliferate, produce cytokines, and kill genome of C57BL/6 mice results in expression of the 
normaUy when reposed to lrve 293 env. CH28-3 chimeric co-receptor in murine l^ocytes. Mk* 

whose lymphocytes express high levels of the CH28-3 
EXAMPLE 8 receptor were identified by analyzing blood and lymphoid 

45 tissue by FACS with antibodies to human CD4. Such mice 
Protection from anergy induced by cell-free virus ^ ^ with non-rnanipulated EL-4 cells or EL-4 

P&rticles cells expressing the HTV envelope protein. The ability of 

A potential use of T cells expressing chimeric receptors these cells to form tumors in CH28-3 transgenic and normal 
which recognize HIV antigens is to introduce them into mice is compared. The expectation is that stimulation of the 
HIV-infected mdivkiuals as a form of anti- viral therapy. In so CH2S-3 receptor on transgenic T cells by HIV env expressed 
vivo the T cells will encounter large amounts of soluble on the EL-4 cells will stimulate an mimune response to EL-4 
antigen in the patient's serum which may be capable of cells which will be absent in normal mice. Thus, the CH28-3 
rendering these anergic to stimulation by their true targets, transgenic animals should reject the EL-4 cells and show no 
HIV-infected cells. For example, there is sufficient soluble or greatly reduced formation of tumors. The non- 
gpl20 shed by vims particles and infected cells in the serum 55 manipulated EL-4 cells should form tumors in both kinds of 
of HTV seropositive individuals to prime CD4+ positive T mice. These experiments demonstrate the ability of CD28- 
cells to undergo apoptosis, a programmed cell death based chimeric receptors to provide co-stimulation in a 
iaechanism, when they are stimulated by antigen or poly- situation in which antigen-responsive cells are present, but 
clonal mitogens (Banda et si, J. Exp. Med. 176: 1099-1 106 the natural immune response is iiisumoent due to a lack of 
(1992)). The susceptibility of T cells armed with anti-fflV 60 co-stimulation, 
chimeric receptors to anergy induced by soluble gpl20 or n 
cell-free virus particles is tested by incubating CD8/F15 EXAMPLE iu 

cells, with or without CH28-3, with soluble gp!20 (e.g. 50 Jaaaac f^ 0Jiai aaMty of adoptively 

ng/ml) or with heat-iiiactivated culture supernatant from transferred cells in vivo 

mV-infectedT cells which contains various amounts of HIV 65 

by p24 content, eg. 500 pg/ml of p24 gag (Roberts et aL, For these experiments a small animal model is used to 
(1994) supra). Treatment of the cells with soluble antigens study the function of primary human T cells expressing 
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zeta-based and CD28-based chimeric receptors in viva Two 
human disease models are established in SCID mice 
(Bosman and Carroll, Annu. Rev. Immunol 9:323-350 
(1991)): (i) a tumor model using human tumor cells, and (ii) 
a virus infection model using HIV-infected human PBL 
(McCune et al., ibid 399-430; Mosier ct al. Nature 
335:256-259 (1988)). For example, the human B ryicpho- 
Mastoid cell line Raji produces Iclhal tumors wten engrafted 
into SCID mice (Malkovska et al., Cancer Res. 
52:5610-5616 (1992)). Raji cells expressing HIV envelope 
also produce tumors in SQD mice. Raji env cells provide a 
convenient model for testing human T cells bearing chimeric 
receptors which recognize HTV envelope determinants such 
as CD4-zeta, Sab-zeta (F15X and CD4-CD28 (CH2S-3). T 
cells expressing a zeta-based UR with or without CH28-3 
. are introduced into SQD mice together with antigen-bearing 
tumor cells. The longevity of cells introduced with tumor 
cells are compared to the survival of cells in mice with out 
tumor cells, by isolating the human T cells from the blood 
and lymphoid tis sue of SOD mice at sequential time inter- 
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vals. The number of human T cells present is determined, as 
well as expression of the chimeric receptors, and the ability 
to proliferate and to kill appropriate target cells in vitro. One 
expectation would be that in the presence of tumor cells 
which fail to provide normal oo-stimulatlon the lifespan and 
biological activity of the chimeric receptor T cells win be 
prolonged if those cells possess a CD28-based chimeric 
receptor in addition to a zeta-based receptor both of which 
recognize the same target cells. The mice can also be 
analyzed for tumor progression, metastases, and the like. 
Similarly, SOD mice engrafted with HIV-infected human 
PBL are used to assess the functional activity of chimeric 
receptor bearing T cells in an in vivo model of HTV 
infection. T cells expressing zeta-based chimeric receptors 
with and without a CD28 -based chimeric receptor are intro- 
duced into SOD mice harboring HIV-infected human PBL. 
The longevity of the cells and biological activity, against 
HIV is measured as described above, along with viral load 
in the mice, by p24 assay (Coulter Immunology, Hialeah, ■ 
Fla.) and persistence of CD4 T cells. 



SEQUENCE USTINO 



( I ) GENERAL INFORMATION: 

( a i i ) NUMBER OF SEQUENCES: 16 



< 2 ) INFORMATION FOR SBQ ID NO*l: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 31 hmc pan 
( B ) TYPE: ncfeic add 
( C ) STRANDEDNBSS: da** 
< D ) TOPOLOGY: tanr 

C i i ) MOLECULE TTO: DNA (gcMnae) 

( x i ) SEQUENCE DBdCKBTfON: SEQ ID NO:l: 

COTATTOOAT CCGAOOAAAC CAACCCCTAA O 3 1 



< 3 ) INFORMATION FOR SEQIDNOO: 

( I ) SBQUENCB CHARACTERISTICS: 
( A ) LENGTH: 30 to pen 
( B ) TYFR aackfc add 
( C ) 3TRANDEDNBSS: mfr 
(D)TOFCCOrafaMV 

( i i )M01£an£ TYPE: DNA (aaaaafc) 

( x i )S8QUENCEDeSCSIPnON:SBQIDNO^: 

AATATTGOOC CCOOCAOAAA TCCACAOTGC 30 



< 2 ) INFORMATION FOR SEQ IDN03: 

( i )SBQJUENCB CHARACTERISTICS: 
( A ) LENGTH: 30 bate pain 
( B ) TYPE: oodafc add 
( C ) STRANDEDKBSS: daglo 
( D ) TOPOLOGY: Im 

( ■ i ) MOLBCT JL ETYFE: DNA (aaacmfc) 

( x i )SB0jUENCX DESCRIPTOR SEQ ID N03: 

AATATTOOCO CCCCTAOCCC ATCOTCAOOA 30 



( 2 ) INFORMATION FOR SBQ ID NO*: 
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( i ) SEQUENCE CHARAJL'l LWS1KJS: 
( A ) LENGTH: 30 baiepan 
( B )TYPE: fiockac acid 
( C) STRANDBDWBSS: na0e 
( D ) TOPOLOGY: fiaaat 

< i i ) MOLECULE TYPE: SNA (gcacoic) 

(ii > SEQUENCE DESCRIPTION: SBQ ID NO* 

AATATTOOAT CCOOCTTCTO OATAOOCOTC 



( 2 ) INFORMATION FOR SBQ ID NOA 

( 1 ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 36 bate pan 
( B )TYFE: eacfckiad 
( C ) STRANDEDNESS: 
(D)T0FOLOOY:fiaear 

( i i ) MOLECULE TYPE: DMA (geaoaac) 

( x i )S8QUENCB DESCRIPTION: SBQ D>ND3: 

CACCACCAOC AC CC AAA A TO OCTOCACCOO OOTOOA 



( 2 ) INFORMATION FOR SBQ ID NO* 

( i ) SEQUENCE CHARACTERISTiCS: 
( A ) LENGTH: 36 hme pan 
( B ) TYPE: andae and 
( C ) STRANDEDNESS: nRgfe 
( D JTOTOLOOYrHaear 

( i i > MOLECULE TYPE: DNA (foaccac) 

( l i ) SEQUENCE DESCRIPTION: SBQ ID NOA 

TAOOOOACTT OGACAAAOTO OCTOCACCOO OOTOOA 



( 2 ) INFORMATION FOR SBQ ID NOi7: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 36 dm* pan 

< B )TYPB:wcfck*cicl 

( C ) STRANDEDNBSS: c^fle 

< D )TOPOLOGY:B»car 

( i i ) MOLBCULE TYPE: DMA (jimnii ) 
( x 1 ) SEQUENCE DESCRIPTION: SBQ ID NCK7: 
CCTCTOTTTT TTCCTTTTOA CACAOAAOAA OATOCC 



( 2 ) INFORMATION FOR SBQ ID NO* 

( 1 ) SEQUENCE CHARACTERISTICS: 
< A ) LENGTH: 36 bt*e pan 
( B ) TYPE: aoelak add 
( C ) STRANDBDNESS: nagfe 
( D > TOPOLOGY: Bobjc 

( I i ) MOLBCULE TYPE: DNA (genomic) 

( i i ) SEQUENCE DESCRIPTION: SBQ ID NOtffc 

OCCAATOATO AGATAOATTG OCTOCACCOO OOTOOA 



( 2 ) INFORMATION FOR SBQ ID NO*: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 36 taao pan 
( B ) TYPE: anckfcc acid 
( C ) STRANDEDNESS: najfe 
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( D ) TOPOLOGY Am 
( i i ) MOLBCULB TYPE: DNA (ycctic) 
( x i > SBQUENCB DESCRIPTION: SBQ CD NOS: 
ACCTTTCTCT OOACAOCTTO OCTOCACCOO OOTOOA 



< 2 ) INFORMATION FOR SBQ H> NOrlO: 

( i )SBO^JBNCBCHAaACrEJaSTICS: 
(A ) LENGTH: 36 two pxm 

< B )TYPE:«icfafeKfcl 

< C ) STRANDBDNESS: 
( D ) TOPOLOGY: timm 



< i i ) MOLBCULB TYPE; DMA (gemoam) 

< x i ) SBQUENCB DeSOUPTJON: SBQ CD NOrKh 
CCTOCTCCTC TTACTCCTCC OOCACCTOAC AC AO A A 



( 2 )IN*0fcMATK)NPORSBQrDNO:ll: 

< i )5BQUE}«X CHARACTERISTICS: 
( A ) LENGTH; 36 bm pjfct 
< B ) TYPE: aoclao acid 
( C ) STRANDBDNESS: mgfe 
( D ) TOPOLOGY: fiaur 

< i i ) MOLBCULB TYPB: DNA (gemmae) 

< x i ) SBQUENCB DESCRIPTION: SBQ ID NChll: 
CCTOCTCCTC TTACTCCTOA AOAAOATOCC TAOCCC 



( 2 ) INFORMATION POR SBQ 10 NO:12: 

( i )SBO^B^ CHARACTERISTICS: 

< A ) LENGTH: 27b 

< B ) TYPB: a 
( C > STRANDEDNESS: ■ 

D ) TOPOLOGY: Biear 



( i i ) MOLBCULB TYPE DNA (gemoaac) 
( x i ) SEQUENCE DESCRIPTION: SBQ ED NO: 12: 
AATATTOAAT TCCGAOCTTC OAOCCAA 



( 2 ) INFORMATION POR SBQ ID NO: 13: 



( A ) LENGTH: 31 t»M p*i 
( B ) TYPE: Bockac add 
( C ) STRANDEDNESS: 
(T> > TOPOLOGY: haw* 

< i t ) MOLECULB TYPE: DNA (giamifc) 

( x i ) SEQUENCE DESCRIPTION: SBQ ED NO:l3; 

A AT AT TOOT T ACCAOTOOCT OTTOCACAOO O 



( 2 ) INFORMATION POR SBQ ID NOU4: 

( 1 ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 53 baw pn 
(B )TYPB:x«Ub«cU 
( C ) STRANDGDNESS: nsgk 
( D ) TOPOLOGY* fiacar 

( i i ) MOLECULB TYPE: DNA (getxaac) 



( x i ) SEQUENCE DESCRIPTION: SBQ ED NCrM: 
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COCCCCCCAO CACAATCAOO OCCATTOCOC CCCCCflCCOC COCTOOCCOO CAC 



( 2 ) INFORMATION FOR SBQ ID N005: 

( i ) SBtJUENCB CHARACTERISTICS: 
( A ) LENOIH: 30 bMe pm 
( B ) TYPE: nadae acid 
( C ) STRANDEDNBSS: mgte 
( D ) TOPOLOGY: Em 

( i i )MC4BCUl£ TYPE: DNA (geacme) 

( x i ) SEQUENCE DBSCSUFnON: SBQ ID N015: 

CTOCOCTCCT OCTOAACTTC ACTCTATTTO CAAACACOTC TTCOOTTCCT 



( 2 ) INFORMATION FOR SBQ ID NO:l6: 

( i ) SBOJUBNCB CHARACTERISTICS: 
( A )LBNOTH:50b«op*t 
( B )TYFB:aictafe«*l 
( C > STRANDBDNBSS: ossfe 
< D ) TOPOLOGY: fine* 

( i i) MOLBCULE TYPfi; DNA femnfc) 

( x i ) SBOJUENCB DESCRIPTION: SBOj ID NOU6: 

CATCCAOCAO OTAOCAOAOT TTOOOTOCOC CCCCCOCCOC TOOCCOOCAC 



What is claimed is: 

1. A DNA encoding a chimeric mexnfarane-bound protein, 
said protein comprising in the N-terminal to C-terminal 
direction: 

a signal sequence; 35 
an extracellular binding domain of a surface membrane or 

secreted protein mat binds specifically to at least one 

ligand; 

a transmembrane domain; and 

a cytoplasmic domain of CD2 or CD28; 40 
wherein said extracellular domain is not obtained from 
CD2 or CD28, and when said DNA is placed in a 
selected host cell under conditions suitable for 
expression, said chimeric membrane-bound protein is 
expressed and co-stimulates effector function signaling ^ 
in said host cell upon binding of a ligand to die 
extracellular domain. 

2. The DNA according to claim 1 wherein said extracel- 
lular domain is from a cell differentiation antigen. 

3. The DNA according to claim 2 wherein said extracel- 
Mar domain is from CD4. 50 

4. The DNA according to claim 2 wherein said extracel- 
lular domain is from CDS. 

5. The DNA according to claim 1 wherein said extracel- 
lular domain is from an antibody or single-chain antibody or 
portions or modifications thereof containing ligand binding S3 
activity. 

6. The DNA according to claim 5 wherein said antibody 
or single-chain antibody recognizes an antigen selected from 
me group consisting of viral antigens and tumor cell asso- 
ciated antigens. 60 

7. The DNA according to claim 1 wherein said DNA 
encoding the cytoplasmic domain further comprises a DNA 
encoding a cytoplasmic effector function signaling domain 
that transduces an effector function signal in a host cell upon 
binding of a ligand to die extracellular domain- 65 

8. An expression cassette comprising a transcriptional 
initiation region, a DNA according to claim 1 under the 



transcriptional control of said transcriptional initiation 
region and a transcriptional termination region. 

9. A cell comprising a DNA according to claim 1. 

It A cell comprising e DNA that encodes a chimeric 
effector function receptor comprising an extracellular 
ligand-binding domain, a transrnernfarane domain and a 
cytoplasmic effector function signaling domain, and a sec- 
ond DNA according to claim L 

11. A DNA encoding a hybrid chimeric roembrane-bouad 
protein, said protein comprising in the N-terminal to 
C-terminal direction; 

a signal sequence; 

an extracellular binding domain of a surface membrane or 
secreted protein that binds specifically to at least one 
ligand; 

a trfl n^w fflh ffln ^ domain; 

a cytoplasmic domain of CD2 or CD28; and 

a cytoplasmic effector function signaling domain; 

wherein said extracellular domain is not obtained from 
CD2 or CD28, and when said DNA is placed in a 
selected host cell under conditions suitable for 
expression, said hybrid chimeric membrane-bound pro- 
tein is expressed and initiates an effector function 
signal and a co- stimulatory effector function signal 
upon binding of a ligand to said extracellular domain. 

12. The DNA of claim 11 wherein said cytoplasmic 
effector function signaling rinmnin is selected from the 
group consisting of the cytoplasmic effector function sig- 
naling domains CD3 zeta chain, the CD3 eta chain, the CD3 
gamma chain, the CD3 delta chain, the CD3 epsilon chain, 
the beta chain of the FceR 1 receptor, the gamma chain of the 
FceRl receptor, the B29 (Ig beta) chain of the B cell 
receptor, and a tyrosine kinase. 

13t An expression cassette comprising a transcriptional 
initiation region, a DNA according to claim 11 under the 
transcriptional control of said transcriptional initiation 
region and a transcriptional termination region. 
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14. A cell comprising a DNA according to claim 11. 

15. A cell comprising a DNA that encodes a chimeric 
effector function receptor comprising an extracellular 
Uganda-binding domain, a transmembrane dnmnin atyl a 
cytoplasmic effector function signaling domain, and a sec- 3 
ond DNA according to claim U. 

16. A DNA encoding a hybrid chimeric membrane-bound 
protein, said protein comprising in the N-terminal to 
C-terminal direction; 

a signal sequence; 10 
an extracellular binding domain of a surface membrane or 

secreted protein that binds specifically to at least one 

ligand; 

a transmembrane rfAfratin; ^ 

a cytoplasmic effector function signaling domain; and 

a cytoplasmic domain of CD2 or CD28; 

wherein said extracellular domain is not obtained from 
CD2 or CD28, and when said DNA is placed in a 
selected host cell under conditions suitable for 20 
expression, said hybrid chimeric membrane-bound pro- 
tein initiates an effector function signal and a 
co-stimulatory effector function signal upon binding of 
a ligand to said extracellular domain. 

17. The DNA of claim 16 wherein said cytoplasmic 23 
effector function signaling domain is selected from the 
group consisting of the cytoplasmic effector function sig- 
naling domains of the CD3 zeta chain, the CD3 eta chain, the 
CD3 gamma chain, the CD delta chain, the CD3 epstion 
chain, the beta chain of the FcyRl receptor, the B29 (Ig beta) *> 
chain of the B cell receptor, and a tyrosine kinase. 

18. An expression cassette comprising a transcriptional 
initiation region, a DNA according to claim 16 under the 
transcriptional control of said transcriptional initiation 
region and a transcriptional termination region. 35 

19. A cell coomri&ing a DNA according to claim 16. 
2#. A cell comprising a DNA mat encodes a cnimeric 

effector function receptor comprising an extracellular 

ligand-binding Hnirailii a tra ngmwnhfa n*> dnmflfn amt a 

cytopasinic effectc* function signaling domain, and a second *> 
DNA according to claim 16. 

2L The cell according to any one of claims 9, It, 14, 15, 
17 and 20 wherein said cell is a riiammalian cell 

22. The cell according to any one of claims 9, !•, 14, 15, 

17 and 20 wherein said cell is a human cell. 45 

23. A chimeric co-stimulatory receptcrpiotem comprising 
in the N-tenninal to C-terminal direction; 
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an exfrncWmlar ligand binding domain that binds specifi- 
cally to at least one ligand; 

a uransmenmrane domain; and 

a cytoplasmic cc- stimulatory signaling domain of CD2 or 
CD28; 

wherein said extracellular domain is not obtained from 
CD2 or CD28, and when said fft?m*Hrf» co-otinuilatory 
protein is expressed as a membrane-bound receptor in 
a host cell under conditions suitable for expression said 
membrane-bound receptor initiates a co-stimulatory 
effector function signal in said host cell upon binding of 
a ligand to the extracellular domain. 

24. A hybrid chimeric co-stlmulatory receptor protein 
comprising in the N-terminal to C-terminal direction; 

an extracellular ligand binding domain th at binds specifi- 
cally to at least one Ugand; 
a fyfl ft ft p^*^b rane domain; 

a cytoplasmic co- stimulatory signaling domain of CD2 or 
CD28; and 

a cytoplasmic effector function signaling domain* 
wherein said extracellular domain is not obtained from 
CD2 or CD28, and when said hybrid chimeric 
co-stimulatory protein is expressed as a membrane- 
bound receptor in a host cell under conditions suitable 
for expression, said meinbrane-bound receptor initiates 
an effector function signal and a cc-stimulatory effector 
function signal in said host cell upon binding of a 
ligand to the extracellular domain. 

25. A hybrid chimeric co-stimulatory receptor protein 
coinprising in the N-terminal to C-terminal direction; 

an extracellular ligand binding domain mat binds specifi- 
cally to at least one ligand; 
a transmembrane domain; 

a cytoplasmic effector function signaling domain; and 
a cytoplasmic cc^stirnulatory signaling domain of CD2 or 

CD28; 

wherein said extracellular domain is not obtained from 
CD2 or CD28, and when said hybrid chimeric 
co-stiinulatory protein is expressed as a membrane- 
bound receptor in a host cell under conditions suitable 
for expression said membrane-bound receptor initiates 
an effector function signal and a co-stimulatory effector 
function signal in said host cell upon binding of a 
ligand to the extracellular domain. 

***** 
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ABSTRACT 



The present invention provides chimeric proteins containing 
extracellular and transmembrane domains of CD4 and pro- 
tein tyrosine kinases of the src family. Also provided are 
DNA molecules encoding the proteins of the present inven- 
tion and cells containing such DNA molecules. The proteins 
and cells of the present invention may be employed in 
methods for identifying drugs that block T cell activation 
and for identifying low level self-antigens. 
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CHIMERIC PROTEIN TYROSINE KINASES 

This is a division of application Set No. 08/112,912 filed 
Aug. 27, 1993, now U.S. Pat. No. 5,439,812. 

5 

BACKGROUND OF TOE INVENTION 

The present invention relates generally to chimeric pro- 
teins comprising the extracellular and transmembrane por- 
tions of CD4 molecules and an src protein tyrosine kinase. 
Such CD4 chimeric proteins may amplify the signal pro- 
duced by T lymphocyte stimulation. These CD4 chimeric 
proteins may be employed to identify drugs that block CD4 + 
T lymphocyte activation. The CD4 chimeric proteins are 
also useful for identifying self antigens that may mediate 
autoimmune diseases. Also provided are CD8 chimeric 
proteins having an src tyrosine kinase linked to the extra- 
cellular and transmembrane portions of a CD8 molecule. 
The CD8 chimeric proteins may be used to screen for MHC 
Class I restricted antigens. Both the CD4 and CD8 chimeric ^ 
proteins may be employed in gene therapy treatments to 
enhance in vivo immunological response to specific anti- 
gens. 

Cytoplasmic protein tyrosine kinases (PTK's) of the src 
family have important roles in signal transduction processes 25 
in multiple cell types (Bolen et aL, Adv. Can. Res., 
57:103-149 (1991)). Members of this family share several 
features: they are attached to cellular membranes through a 
myristylated N-terrmnus, they have unique N-ternunal 
domains, and they have homologous SH3, SH2, and cata- 30 
lytic domains (FIG. 1A). Similar SH2 and SH3 domains are 
found in a wide variety of molecules involved in signal 
transduction (Koch et aL, Science, 252:668-674 (1991)). 
The SH2 domains interact specifically with various proteins 
containing phosphotyrosine residues, whereas SH3 regions 35 
bind guanine nucleotide releasing factors, potentially linking 
the PTK's to the ras signaling pathway (Feig, Science, 
260:767-768 (1993)). Multiple src family molecules are 
expressed in most cells and ablation of individual genes has 
resulted in developmental defects of variable severity (Sori- 40 
ano et aL, Cell, 64:693-702 (1991); Molina et aL, Nature, 
357:161-164 (1992); Appleby et al., Cell, 70:751-763 
(1992); Stein et al., Cell, 70:741-750 (1992)). Some func- 
tions may be carried out by any one of several src family 
members, whereas others may only be fulfilled by a single 45 
one of these molecules. 

Early activation events in T lymphocytes require the 
triggering of a tyrosine phosphorylation pathway that 
appears to involve one or more of these molecules (Weiss, 
Cell, 73:209-212 (J993)). A limited number of these 50 
kinases, Lck, Fyn, and Yes, are expressed in T cells. Of 
these, the best-characterized is the lymphocyte-specific 
tyrosine kinase, P56 /c * (Lck), whose unique N-tetminal 
domain interacts with the cytoplasmic tails of the CD4 and 
CD8 glycoproteins. These are molecules that bind to surface 55 
MHC class II and class I molecules, respectively, and 
participate with the T cell antigen receptor (TCR) in early 
events of T cell activation (Rudd et al., Proc. Natl Acad Set 
USA, 85:5190-5194 (1988); Veillette et aL, CeU, 
55:301-308 (1988); Shaw et al., Cell, 59:627-636 (1989); 60 
Turner et al., Cell, 60:755-765 (1990); Shaw et al., Mot 
Cell BioL, 10:1853-1862 (1990)). The interaction of Lck 
with CD4 and CD8 is restricted to this member of the src 
family and is required for effective antigen-specific 
responses of several different T cell hybridomas (Zamoyska 65 
et aL, Nature, 342:278-281 (1989); Glaichenhaus et al., 
Cell, 64:511-520 (1991)). 
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Lck apparently has multiple functions that are essential in 
T cell development and activation. Inactivation of the Lck 
gene in mice results in early arrest of thymocyte maturation, 
prior to cell surface expression of CD4, CD8, and the T cell 
receptor, suggesting that Lck has a critical function early in 
T cell development that is independent of these cell surface 
molecules (Molina et al., Nature, 357:161-164 (1992)). In 
the human T cell leukemic line, Jurkat, absence of Lck 
results in loss of activation in response to anti-TCR anti- 
bodies (Straus and Weiss, Cell, 70:585-593 (1992)). The 
related PTK's present in developing thymocytes and in 
Jurkat cells appear unable to substitute for Lck. This may be 
due to a requirement for Lck to associate with cell surface 
molecules other than CD4 and CD8 that are involved in 
early development and in TCR-mediated signaling. 

Activation of T lymphocytes upon their encounter with 
MHC-bound peptide antigens is mediated through a com- 
plex machinery associated with the T cell antigen receptor 
(TCR). The clonally-restricted TCR provides specificity for 
antigen, while associated non-polymorphic polypeptides are 
involved in the signal transduction process (Irving and 
Weiss, Cell, 64:891-901 (1991); Romeo et aL, CeU, 
68:889-897 (1992); Letoumeur and Klausner, Science, 
255:79-82 (1992); Wegener et aL, Cell, 68:83-95 (1992)). 

In addition, the MKC-binding co-receptor molecules, 
CD4 and CD8 , are required for initiating signals, both 
during thymocyte development and in the activation of 
mature T cells (Fung-Leung et al., Cell, 65:443-449 (1991); 
Rahemtulla et al., Nature, 353:180-184 (1991); Killeen et 
al., EMBO L, 12:1547-1553 (1993)). Apparently, signaling 
requires coordinate recognition of MHC by the co-receptors 
and by the TCR. This is achieved by binding of CD4 and 
CD8 to membrane-proximal domains of class II or class I 
molecules, respectively, while the TCR binds to the peptide- 
containing surface (Salter et al., Nature, 345:41-46 (1990); 
Aldrich et al., Nature, 352:718-721 (1991); Ingoid et al., 
Nature, 352:721-723 (1991); Killeen et al., /. Exp. Med, 
176:89-97 (1992); Glaichenhaus et aL, CeU, 64:511-520 
(1991); Konig et al., Nature, 356:796-798 (1992)). 

The signaling cascade that follows engagement of the T 
cell receptor by antigen is dependent on the activity of 
cytoplasmic tyrosine kinases (Klausner and Samelson, Cell, 
64:875-878 (1991)). Ligation of the TCR results in rapid 
phosphorylation of intracellular proteins on tyrosine resi- 
dues (June et aL, J. Immunol, 144:1591-1599 (1990)). 
Inhibitors of FTK function block the early signaling events, 
notably the phosphorylation and activation of phosphoHpase 
Cyl, a key enzyme involved in the generation of second 
messengers that regulate intracellular free calcium concen- 
tration and the activity of protein kinase C (Mustelin et al., 
Science, 247:1584-1587 (1990)). 

Several tyrosine kinases have been implicated in the 
initiation of the T eel), signaling pathway. The lymphoid- 
specific cytoplasmic PTK, Lck, apparently is a key compo- 
nent in this process: its absence prevents TCR-mediated 
activation of Jurkat cells (Straus and Weiss, Cell 
70:585-593 (1992)), and FLC-yl has been co-precipitated 
with Lck following activation (Weber et al., /. Exp. Med, 
176:373-379 (1992)). 

A second src family PTK, Fyn-T, has also been implicated 
in TCR-mediated activation because it is expressed in a T 
cell-specific manner. Fyn-T is associated with TCR proteins 
in cell lysates and its level of expression correlates with the 
magnitude of thymocyte stimulation. A third kinase that 
appears to have a role in signaling is ZAP- 70, a cytoplasmic 
PTK that is tightly associated with the TCR-£ chain in 
activated T cells. 
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Blocking T cell function is desirable in many instances. 
For example, blocking T cell activation may provide a 
means of treating and preventing autoimmune diseases, such 
as systemic lupus erythematosis, rheumatoid arthritis, 
Sjogren's syndrome, and the like. Interfering with intracel- 
lular signal transduction following antigenic stimulation of 
T cells could provide a means for reducing excessive inflam- 
mation and alleviating many clinical illnesses. 

Enhancement of immunological response is desirable in 
other clinical illnesses. For example, malignancy often 
impairs immune responses. In these patients, it is desirable 
to enhance the immune response to help fight infections as 
well as for primary treatment of the underlying malignancy. 

No convenient means have been available to identify 
drugs that block T cell function at the level of protein 
tyrosine kinase activity. A means to identify such drugs 
would provide a marked advance in the art of pharmaceu- 
tical development With such a method, skilled artisans 
could quickly identify promising compounds for clinical 
use. Quite surprisingly, the present invention fulfills these 
and other related needs. 

SUMMARY OF THE INVENTION 

The present invention provides chimeric proteins com- 
prising a CD4 extracellular domain, a CD4 transmembrane 
domain, and an src family protein tyrosine kinase. These 
chimeric proteins may amplify the response of T cells 
expressing the proteins in response to immunogenic stimuli, 
such as antigenic stimulation and antibody cross-linking. 
Generally, the src protein tyrosine kinase will be a human or 
murine protein tyrosine kinase. Examples of such kinases 
include p56 fc *. c-SRC Fyn-T or Hck mutations of these 
tyrosine kinases or fusion proteins having segments of more 
than one tyrosine kinase. DNA molecules encoding these 
chimeric proteins and cells transfected with such DNA are 
also provided. 

The CD4 chimeric proteins of the present invention may 
be employed to determine whether a drug is capable of ^ 
blocking T lymphocyte activation. Tne methods generally 
comprise contacting the drug with a T lymphocyte that 
expresses a chimeric protein comprising a CD4 molecule 
lacking the CD4 cytoplasmic domain linked to a src protein 
tyrosine kinase; stimulating the T lymphocyte; observing the „ 
degree of stimulation of the T lymphocyte; and dete rminin g 
whether the drug is capable of blocking T lymphocyte 
activation therefrom. 

Tne CD4 chimeric proteins of the present invention may 
also find use in methods for identifying prospective auto- 50 
antigens in patients with autoimmune diseases. The methods 
generally comprise transfecting T lymphocytes of the patient 
with a DNA molecule comprising a nucleic acid sequence 
encoding a chimeric protein comprising a CD4 molecule 
lacking the CD4 cytoplasmic domain linked to an src protein 55 
tyrosine kinase; contacting the transformed T lymphocytes 
with antigenic material of the patient; observing stimulation 
of the T lymphocytes by the antigen; and determining 
therefrom whether the antigen elicits an immune response in 
the patient „ 

GO 

Also provided are CD8 chimeric proteins comprising a 
' CD8 extracellular domain, a CD8 transmembrane domain, 
and an src protein tyrosine kinase. These CD8 chimeric . 
proteins may be employed for identifying MHC Class I 
restricted antigens. The CD4 and CD8 chimeric proteins of 65 
the present invention may also be used for gene therapy to 
enhance the immp ne response. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic representation of removal of the 
kinase domain of a chimeric protein of the present invention 
to render SH2 more accessible. 

FIG. 2A illustrates the general structure of the chimeric 
proteins of the present invention. 

FIG. 2B illustrates T cell surface expression of CD4 and 
the chimeric proteins of the present invention. 

FIGS. 3A and 3B illustrate the antigen-specific response 
of T cells expressing the CtmLck chimeric protein. 

FIGS. 4A and 4B illustrate analysis of T cells expressing 
chimeric proteins of the present invention that contain 
non-Lck src family tyrosine kinases. 

FIGS. 5A-5C illustrate the effect of ablation of the kinase 
activity on the function of CtmLck chimeric proteins. 

FIGS. 6A and (SB illustrate the role of CD4/Lck chimeric 
proteins in antibody-mediated T cell stimulation. 

FIGS. 7A-7C illustrate the effect of the SH2 domain on 
the function of chimeric proteins of the present invention. 

DESCRIPTION OF SPECIFIC EMBODIMENTS 

The present invention provides chimeric proteins having 
a CD4 extracellular domain, a CD4 transmembrane domain, 
and an src protein tyrosine kinase. These CD4 chimeric' 
proteins may amplify the response of T cells expressing the 
proteins in response to immunogenic stimuli, such as anti- 
genic stimulation and antibody cross-linking. These proteins 
may greatly increase the sensitivity of the immune response 
(e.g., some CD4 chimeric proteins of the present invention 
may amplify T cell response by 30 times or more). By 
amplifying intracellular signals from immunological activa- 
tion of T cells, the proteins provide a m^ana for identifying 
drugs that block such intracellular signals. This provides a 
convenient means for screening potential drugs for the 
ability to block T cell activation. By blocking T cell acti- 
vation, the drugs may also block harmful immune responses 
to antigenic stimuli, such as autoimmune diseases or graft- 
versus-host disease. Chimeric proteins comprising a CD8 
extracellular domain, a CD8 transmembrane domain, and an 
src protein tyrosine kinase are also provided. These CD8 
chimeric proteins may also enhance the immune response 
and be used to identify drugs that block CD8-mediated 
immmro responses. 

Because the chimeric proteins of the present invention 
may amplify the response of T cells to antigenic stimuli, low 
level self-antigens (as implicated in the etiology of autoim- 
mune diseases) may be detected and identified by the present 
invention. DNA encoding the proteins of the present inven- 
tion may be transfected into T cells of a patient suspected of 
suffering from an autoimmune disorder. The T cells are then 
exposed to tissue from the patient and observed for activa- 
tion. As the T cells express chimeric proteins that amplify T 
activating signals, even small numbers of T cells that react 
to the self-antigen may be detected. Both the CD4 and CD8 
chimeric proteins may be used for gene therapy as described 
below. 

The present invention provides chimeric proteins com- 
prising a CD4 molecule lacking the CD4 cytoplasmic 
domain linked to an src protein tyrosine kinase. By "chi- 
meric protein" it is meant a protein or peptide that contains 
subsequences that are substantially homologous to subse- 
quences of at least two different proteins or peptides. By 
"substantially homologous" it is meant sequences which 
have at least about 65% relatedness, preferably at least 75% 
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homology, and more preferably at least about 85-90% or 
more homology to the amino acid sequence of a naturally 
occurring CD4 molecule or protein tyrosine kinase of the src 
family as described in Cooper, The src Family of Tyrosine 
Kinases, in Peptides and Protein Phosphorylation, Kemp 5 
and Alewood eds., CRC Press, 1989. These tyrosine kinases 
include, e.g., p56** (Lck), c-SRC, Fyn-T. Blk, Yes, Lyn, Fgr, 
and Hck. The tyrosine kinases may also include fusion 
proteins constructed from segments of different tyrosine 
kinases. For example, a fusion between the SH3, SH2, and 10 
kinase domains of src and the unique domain of lck is 
particularly effective for amplifying CD4 mediated T cell 
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Other tyrosine kinases, such as cytoplasmic tyrosine 
kinases (e.g„ ZAP-70), may also be employed in the chi- 15 
meric proteins of the present invention. Other non-src family 
tyrosine kinases may be linked to the extracellular and 
transmembrane portions of CD4 (or CD8) molecules to form 
active chimeric proteins that may enhance T cell activation 
following immunological stimulation. 20 

Thus, it should be understood that the polypeptide com* 
positions of the present invention need not be identical to 
any particular src protein tyrosine kinase, or amino acid 
sequence thereof. Unless otherwise indicated, the term "src 
protein tyrosine kinase" or "src tyrosine kinase" will include 25 
homologs, fusions, and fragments of naturally occurring src 
protein tyrosine kinases as well as other tyrosine kinases, 
both membrane bound and cytoplasmic. 

For example, naturally occurring src tyrosine kinases may 
be modified by introducing conservative or nonconservative 30 
substitutions in the polypeptides, usually fewer than 20 
percent, more usually fewer than 10 percent of the amino 
acids being exchanged. It may be desirable to vary one or 
more particular amino acids to alter the functional charac- 
teristics of the src tyrosine kinase in T cell activation. 

Therefore, the present chimeric proteins may be subject to 
various changes, such as insertions, deletions and substitu- 
tions, either conservative or nonconservative, where such 
changes might provide for certain advantages in their use. „ 
"Conservative substitutions" is intended to include, for 
example, combinations such as gly, ala; val, tie, leu; asp, glu; 
asn, gin; ser, thr; lys, arg; and phe, tyr. Usually, the sequence 
will not differ by more than 20% from the sequence of an src 
tyrosine kinase or amino acid subsequence thereof. 45 

In addition, the amino acid sequence may differ from the 
natural sequence in the modification of the terminal NH2 by 
acylation, e.g., acetylation, or thioglycolic acid amidation, 
terminal carboxy amidation, e.g., ammonia, methylarnine, 
etc. In some instances, these modifications may provide 50 
increased metabolic stability, or the like, as desired 

A particularly useful src tyrosine kinase for use in the 
present invention is Lck. Toe Lck tyrosine kinase may be 
modified as described above for inclusion in the chimeric 
proteins of the present invention. Hie function of Lck, when 55 
bound to CD4, is not substantially affected by a point 
mutation that inactivates its phosphotransferase activity. 
Removal of the catalytic domain may give rise to a co- 
receptor molecule that functions better than its wild type 
counterpart One of Lck kinase roles, observed in the 60 
CD4-negative T cell hybridoma transfected with activated 
Lck and in the Lck-negative mutant Jurkat cells apparently 
involves the direct or indirect association of Lck with the 
TCR complex through a CD4 (and CD8)-independent 
mechanism. In this setting, the kinase function of Lck is 65 
most likely required for signal transduction, and enhanced 
kinase activity may correlate with a lower threshold for 



activation or with constitutive activation, as exhibited by 
v-src-transfected hybridoma cells. 

A point mutation ablating phosphotransferase function 
may impair co-receptor activity of the CD4/tyrosine kinase 
chimera, while truncation of the entire kinase domain may 
provide a molecule with enhanced activity. Generally, the 
truncated molecule will lack the putative regulatory tyrosine 
residues (e.g., tyr-394 and tyr-505 of Lck). Substitution of 
phe for tyr-505 activates Lck, and there is evidence that a 
transmembrane protein tyrosine phosphatase, CD45, regu- 
lates Lck activity by dephosphosphorylating this residue. In 
the absence of CD45, this site remains hyperphosphorylated 
and is thought to interact with the Lck SH2 domain, in either 
an inter- or intramolecular interaction. As a result, the kinase 
domain may be sequestered and unable to phosphorylate its 
appropriate substrates. The phenotypes observed with the 
ldnase-defective chimeric molecules are consistent with this 
hypothesis, but, in addition, reveal an independent effector 
function of the SH2 domain of Lck. Reciprocal inhibition of 
kinase and SH2 activities due to interaction of these domains 
within Lck may occur in these molecules. Elimination of the 
kinase domain may render SH2 constitntively accessible, 
enhancing coreceptor activity despite the loss of phospho- 
transferase activity (FIG. 1). In the presence of an intact, but 
inactive, kinase domain decreased activity may occur, which 
is sensitive to a second mutation that may abolish phospho- 
tyrosine binding by the SH2 domain. Loss of both SH2 and 
kinase function generally will not, however, completely 
eliminate coreceptor function (FIG. 6C). This kinase-inde- 
pendent function of CD4-associated Lck may resemble that 
of proteins that contain only. SH2 and SH3 domains, such as 
Crk and sem-5/GRB2. 

In the CD4 chimeric proteins, the src tyrosine kinases are 
fused to the extracellular and transmembrane domains of 
CD4 as illustrated in FIG. 2A. Generally, the cytoplasmic 
domain of CD4 will not be present in the chimeric proteins. 
The src tyrosine kinase portion of the chimeric protein may 
be full length or a fragment thereof as described above. The 
CD8 chimeric proteins of the present invention will be 
similarly constructed. An src tyrosine kinase will be fused to 
the extracellular and transmembrane portions of a CD8 
molecule. 

The present invention also provide DNA molecules 
encoding the CD4 or CD8 chimeric proteins of the present 
invention. Generally, the DNA molecules of the present 
invention will be constructed by synthesis of a gene encod- 
ing the fusion protein in a cloning vector. For example, a 
plasmid encoding CD4 (such as pSM described in Turner et 
al. ( Cell, 60:755-765 (1990) or pMV7 as described in 
Glaichenhaus et aL, Cell, 64:511-520 (1991), both of which 
are incorporated herein by reference) is subjected to restric- 
tion enzyme digestion to introduce a break in the CD4 
coding region between the transmembrane and cytoplasmic 
coding domains. Hie resulting plasmid may then serve as a 
source of the CD4 extracellular and transmembrane domains 
for constructing the hybrids. Flasmids encoding the extra- 
cellular and transmembrane portions of CD8cc or CD8p may 
be similarly obtained as described in littman et aL, Cell, 
40:237-346 (1985) and Normant and littman, EMBO J., 
7:3433-3439 (1988), both incorporated herein by reference. 

A DNA sequence encoding an src tyrosine kinase may 
then be ligated to the transmembrane coding region of the 
above described plasmid at the restriction site. The resulting 
plasmid may be used to clone the fusion protein containing 
the extracellular and transmembrane domains of GD4 and 
the src tyrosine kinase. 

Hybrid DNA technology will generally be employed for 
expression of the CD4 or CD8 chimeric proteins in trans- 
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formed T lymphocytes. See, e.g., Sambrook et al., Molecu- 
lar Cloning, A Laboratory Manual, Cold Spring Harbor 
Laboratory Press, 1989, incorporated herein by reference. 
For expression and isolation of the chimeric proteins, trans- 
fection of non-T lymphocyte host cells may be appropriate, 
e.g., yeast or procaryotic cells. Techniques for such recom- 
binant production and purification of foreign proteins are 
well known in the art and briefly described below. 

The present invention also provides DNA molecules 
encoding the chimeric proteins of the present invention. The 
DNA molecules generally comprise a transcriptional pro- 
moter, a DNA sequence encoding the chimeric protein, and 
a transcriptional terminator. 

In general, plasmid vectors containing replication and 
control sequences which are compatible with the recombi- 
nant host cells are used as cloning vectors for the DNA 
molecules of the present invention. Other vectors, such as 
X-phage, cosmids, or yeast artificial chromosomes may also 
be employed in some instances. Hie vector ordinarily carries 
a replication site, as well as sequences which encode pro- 
teins that are capable of providing phenotypic selection in 
transformed cells. For example, & coli may be transformed 
using pBR322, a plasmid derived from an E. coli species. 
Plasmid pBR322 contains genes for ampicillin and tetracy- 
cline resistance and thus provides easy means for identifying 
and selecting transformed cells. The pBR322 plasmid, or 
microbial plasmid must also contain, or be modified to 
contain, promoters which can be used by the microbial 
organism for an expression of its own proteins. Those 
promoters most commonly used in recombinant DNA con- 
struction include ^-lactamase (pemcfllinase) and lactose 
promoter systems and a tryptophan (tip) promoter system 
One suitable promoter is contained in the in vitro transcrip- 
tion vector pGEM-1. The promoter is a 17 and SP6 poly- 
merase promoter. While these are the most commonly used, 
other microbial promoters have been discovered and uti- 
lized, and details concerning their nucleotide sequences 
have been published, enabling a skilled worker to ligate 
them functionally with plasmid vectors. The promoters are 
operably linked to a nucleic acid sequence encoding the 
chimeric protein. Hie promoters may be inducible or con- 
stitutive and provide a means to express the encoded chi- 
meric protein in the procaryotic host Following expression, 
the polypeptide may be purified by standard methods such as 
described below. 

Alternatively, a DNA sequence encoding the chimeric 
proteins of the present invention may be inserted into a 
suitable eukaryotic expression vector, which in turn is used 
to transfect eukaryotic cells. A eukaryotic expression vector, 
as used herein, is meant to indicate a DNA construct 50 
containing elements which direct the transcription and trans- 
lation of DNA sequences encoding chimeric proteins of 
interest Such elements include promoters, enhancers, tran- 
scription terminators and polyadenylation signals. By virtue 
of the inclusion of these elements operably linked within the 
DNA constructs, the resulting eukaryotic expression vectors 
contain the information necessary for expression of the 
polypeptides of interest 

Host cells for use in expressing recombinant chimeric 
proteins of interest include mammalia^ avian, insect and 
fungal cells. Fungal cells, including species of yeast (a.g., 
Saccharomyces spp., Schizosaccharomyces spp.) or fila- 
mentous fungi (e.g., Aspergillus spp., Neurospora spp.) may 
be used as host cells for producing chimeric proteins of the 
present invention. Suitable vectors will generally include a 65 
selectable marker, which may be one of any number of genes 
that exhibit a dominant phenotype for which a phenotypic 
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assay exists to enable transformants to be selected. Preferred 
selectable markers are those that complement host cell 
auxotrophy, provide antibiotic resistance or enable a cell to 
utilize specific carbon sources. The expression units may 
also include a transcriptional terminator. Choice of a par- 
ticular host and selectable marker is well within the level of 
ordinary skill in the art 

Cultured mammalian cells may be used as host cells 
within the present invention. Cultured mammalian cells for 
use in the present invention may include human monocy- 
toid, lymphocytoid, and fibroblastoid cell lines. A useful 
mammalian cell line is the HeLa-tat cells that are HeLa 
derived cells. Mammalian expression vectors for use in 
carrying out the present invention will include a promoter 
capable of directing the transcription of a cloned gene or. 
cDNA. Preferred promoters include viral promoters and 
cellular promoters. Viral promoters include the immediate 
early cytomegalovirus promoter (Boshart et al., Cell 
41:521-530, 1985) and the SV40 promoter (Subramam et 
al., Mol Cell Biol 1:854-864, 1981). Cellular promoters 
include the mouse metallothionein- 1 promoter (Palmiter et 
al., U.S. Pat No. 4,579,821), a mouse W K promoter (Berg- 
man et al., Proc. Natl. Acad. Set USA 81:7041-7045, 1983); 
Grant et al., Nuc Acids Res. 15:5496, 1987) and a mouse 
promoter (Loh et al., Cell 33:85-93, 1983). 

Such expression vectors may also contain a set of RNA 
splice sites located downstream from the promoter and 
upstream from the DNA sequence encoding the polypeptide 
or protein of interest Preferred RNA splice sites may be 
obtained from adenovirus and/or immunoglobulin genes. 
Also contained in the expression vectors is a polyadenyla- : 
tion signal located downstream of the coding sequence of 
interest 

Polyadenylation signals include the early or late polyade- 
nylation signals from SV40 (Kaufman and Sharp, ibid.), the 
polyadenylation signal from the Adenovirus 5 E18region 
and the human growth hormone gene terminator (DeNoto et 
al., Nuc. Acids Res. 9:3719-3730, 1981). The expression 
vectors may include a noncoding viral leader sequence, such 
as the Adenovirus 2 tripartite leader, located between the 
promoter and the RNA splice sites. Vectors may also include 
enhancer sequences, such as the SV40 enhancer and the 
mouse u enhancer (Gillies, Cell 33: 717-728, 1983). Expres- . 
sion vectors may also include sequences encoding the aden- 
ovirus VA RNAs. 

Cloned DNA sequences may be introduced into cultured 
mammalian cells by, for example, calcium phosphate-me- 
diated transection (Wigler et al., CeU 14:725, 1978; corsaro 
and Pearson, Somatic CeU Genetics 7:603, 1981; Graham 
and Van der Eb, Virology 52:456, 1973). Other techniques 
for introducing cloned DNA sequences into mammnMnrf 
cells, such as electroporation (Neumann et al., EMBO J. 
1:841-845, 1982), may also be used. In order to identify 
cells that have integrated the cloned DNA, a selectable 
marker is generally introduced into the cells along with the 
gene or cDNA of interest Preferred selectable markers for 
use in cultured mammalian cells include genes that confer 
resistance to drugs, such as neomycin, hygromycin, and 
methotrexate. The selectable marker may be an amplifiable 
selectable marker such as the DHFR gene. Selectable mark- 
ers are reviewed by Thilly (Mammalian CeU Technology, 
Butterworth Publishers, Stoneham, Mass., which is incor- 
porated herein by reference). The choice of selectable mark- 
ers is well within the level of ordinary alrffl in the art 

Transfected mammalian cells are allowed to grow for a 
period of time, typically 1-2 days, to begin expressing the 
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DNA sequence(s) of interest Drug selection is then applied 
to select for growth of cells that are expressing the selectable 
marker in a stable fashion. For cells that have been trans- 
fected with an amplifiable selectable marker the drug con- 
centration may be increased in a stepwise manner to select 5 
for increased copy number of the cloned sequences, thereby 
increasing expression levels. 

The CD4 or CD8 chimeric proteins of the present inven- 
tion may be purified by a variety of means, including via 
affinity chromatography, e.g., on an antibody column using 10 
antibodies directed against the extracellular or transmem- 
brane domains of CD4, antibodies directed against the 
extracellular or transmembrane domains of CD8 , antibodies 
against the src tyrosine kinase, or using CD4 or CD8 binding 
substances, respectively. Additional purification may be 15 
achieved by conventional chemical purification means, such 
as liquid chromatography, gradient centrifugation, and gel 
electrophoresis, among others. Methods of protein purifica- 
tion are known in the art (see generally, Scopes, R., Protein 
Purification, Spriagcr-Veriag, N.Y. (1982), which is incor-. 20 
porated herein by reference) and may be applied to the 
purification of the recombinant chimeric proteins described 
herein; see also a purification protocol described in U.S. Pat 
No. 4,929,604, incorporated herein by reference. 

The CD4 chimeric proteins of the present invention may 25 
replace wild-type CD4 as a co-receptor during T cell acti- 
vatioa Association of CD4 extraceUular and transmembrane 
domains with an src tyrosine kinase provides a means to 
mediate the function of the CD4 cytoplasmic domain in this 
system. The activity of the chimera required a functional 30 
CD4 extracellular domain as the chimeric protein are gen- 
erally sensitive to mutations in the putative MHC class II 
binding site of CD4 and may be completely blocked by 
antibodies against CD4. 

likewise, the CD8 chimeric proteins of the present inven- 35 
tion may replace wild-type CD8 proteins as co-receptors for 
activation of cytotoxic T cells. The CD8 chimeric proteins 
may amplify CD8 mediated T cell activation in cytotoxic 
lymphocytes. 

Nucleic acid encoding chimeric proteins as described 40 
above may be introduced into T cells for expression. The 
nucleic acid may be DNA or RNA. The nucleic acid may be 
introduced into the T cells in by a variety of methods well 
known in the art and described above. Generally, the nucleic 
acid encoding the chimeric proteins will be introduced into 
the T cells by means of a retroviral vector, such as pMV7. 

The retroviral vectors may be prepared as described in 
Glaichenhaus et al., Cell. 64:511-520 (1991), mcorporated 
herein by reference. Briefly, nucleic acid encoding the 50 
chimeric proteins is introduced into a packaging cell line 
such as PA317 as described by Miller and Buttimore, Mol 
CeH Biol, 6:2895-2902 (1986), incorporated herein by 
reference. Following incubation, culture supernatants are 
harvested and used to infect a Psi-2 cell line that provides for 55 
selection of a genetic marker carried by retroviral vectors 
containing nucleic acid encoding the chimeric protein. Fol- 
lowing selection, viral stock is isolated from the infected cell 
line. The viral stocks may then be used to infect a T 
lymphocyte cell line, such as 171 cells. For screening $q 
potential drugs, it is desirable that the infected cell line be 
activated by a known antigen. 

The infected cells may be screened to identify those cells 
that express the chimeric proteins. Generally, FACS analysis 
employing a monoclonal antibody to the CD4 region of the 65 
chimeric protein will be used to identify cells expressing the 
chimeric protein. Generally, analysis is facilitated if the 
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infected T cell line does not express CD4, such as the 1713 
cell line. Alternatively, comparison of the staining pattern of 
infected and uninfected control T cells may be used to 
identify cells expressing the chimeric protein. These cells 
may also be sorted by FACS or magnetic beads and panning. 

T cells that express the chimeric proteins of the present 
invention may be employed in methods for screening drugs 
that block T cell activation. The methods generally comprise 
contacting the drug with a T lymphocyte that expresses a 
chimeric protein comprising a CD4 molecule lacking the 
CD4 cytoplasmic domain linked to an src protein tyrosine 
kinase; stimulating the T lymphocyte; observing the degree 
of stimulation of the T lymphocyte; and determining 
whether the drug is capable of blocking T lymphocyte 
activation therefrom 

The T lymphocyte may be stimulated by a variety of 
means. For example, the T cell may be stimulated by 
exposure of the T cell to an antigen recognized by the T cell. 
Generally, exposure of the T cell to the antigen will occur in 
the presence of antigen-presenting cells to enhance stimu- 
lation and activation of the T cell. 

Antibody cross-linking of T cell receptors (TCRs) on the 
cell surface may be employed to stimulate the T cells. While 
TCR cross-linking will initiate T cell immunological func- 
tion, CD4 interaction (and associated tyrosine kinase activ- 
ity) with cross-linked TCRs is required for the T cell to 
become fully activated. Thus, anti-TCR and anti-CD4 anti- 
bodies may be employed for T cell stimulatioa Antibody 
cross-linking of CD4 chimeric proteins of the present inven- 
tion may also be employed to activate T cells if forms of the 
src chimeras can activate in the absence of TCR cross- 
linking (e.g., carboxy-terminal mutations of src kinases, 
such as a Fhe to Tyr substitution at amino acid position 505 
in Lck or position 527 in SRC). 

The degree of stimulation of the T cells is then observed. 
Among the many ways the degree of T cell stimulation may 
be qantified, measuring observable products of T cell acti- 
vation is often the most convenient Such products include 
interleukin-2 synthesis. Supernatant from stimulated T cells 
may be titrated in dilutions with cytotoxic T lymphocytes. 
Proliferation of cytotoxic T lymphocytes may then be 
induced by treatment with a mitogen such as 3-(4,5-dim- 
ethylthiazol-2-yl)-2^ diphenyltetrazolium bromide. Drugs 
blocking T cell activation will generally decrease the syn- 
thesis of mterieukin-2 by stimulated T cells. 

Alternatively, rapid colorimetric assays for interleukin-2 
promoter driven reporter molecules may be employed. Such 
reporter molecules include, e.g., secreted alkaline phos- 
phatase and p-galactosidase. Assays for such reporter mol- 
ecules are well known in the art and may provide an indirect 
means for identifying activation of the interleukin-2 pro- 
moter, and hence indicate increased interleukin-2 produc- 
tion. 

Alternative means of measuring the degree of T cell 
stimulation include, e.g., determining the degree of activity 
of the src protein tyrosine kinases in stimulated T cells. As 
the tyrosine kinases will phosphorylate tyrosine residues 
following T cell activation, quantification of such phospho- 
rylation may be used to assess the degree of blocking of T 
cell activation by a drug. Intracellular protein phosphoryla- 
tion may be determined by immunoblotting with mono- 
clonal antibodies specific for phosphorylated tyrosine resi- 
dues. 

The chimeric proteins of the present invention may also 
be employed in methods for detection of low level self- 
antigens suspected of «»iy i*Ti g autoimmune disease. The 
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methods generally comprise transfecting T lymphocytes of 
the patient with a DNA molecule comprising a nucleic acid 
sequence encoding a chimeric protein comprising a CD4 
molecule lacking the CD4 cytoplasmic domain linked to an 
src protein tyrosine kinase; contacting the transformed T 
lymphocytes with the patient's antigen; observing stimula- 
tion of the T lymphocytes by the antigen; and determining 
therefrom whether the antigen elicits an immn ro response in 
the patient Cells expressing CD8 chimeric proteins may be 
employed in similar methods for identifying low-level MHC 
Class I restricted antigens. 

The patient's T cells may be transfected with DNA 
encoding a chimeric protein of the present invention by a 
variety of means well known to those of skill in the art 
Generally, a retroviral vector as described above will be 
employed to transfect the patient's T cells. Alternatively, 
other methods for transfecting eukaryotic cells, such as 
calcium phosphate-mediated transfection or electroporation. 
Topically, chimeric proteins having more activity than natu- 
rally occurring src protein kinases will be employed in these 
screening methods. Cells expressing the chimeric proteins of 20 
the present invention may be identified by FACS as 
described above. 

Following identification of cells expressing the chimeric 
proteins of the present invention, the cells are contacted with 
the suspected antigen. To demonstrate that patient T cells 
react with a self-antigen, a crude extract from patient tissue 
may be employed to stimulate the T cells. As the transfected 
patient T cells will generally exhibit a greater degree of 
activation to antigenic stimulation, even self-antigens 
present in low levels may be detected by observing the 
transfected T cells. Observation of T cell activation, e.g., by 
increased interieukin-2 synthesis or increased protein 
tyrosine phosphorylation, may indicate that T cells of the 
patient may be activated by a self-antigen. 

Self-antigens may also be identified by similar methods. 
Fractions of crude patient tissue extracts may be tested 
against patient T cells transfected with DNA encoding 
chimeric proteins of the present invention. Identification of 
T cell activation in a fraction indicates that a self-antigen is ^ 
present in that fraction. The active fraction may then be 
fractionated and the resulting samples similarly tested 
against the patient's transfected T cells. This process may be 
repeated until the antigen is purified. The purified antigen 
may then be identified by methods well known to those of 
skill in the art 45 

DNA molecules encoding the chimeric proteins of the 
present invention may be employed for gene therapy for 
enhancing a desired immune response. Antigen-specific T 
cells could be isolated from a patient and transfected with 50 
DNA of the present invention. Expression of the encoded 
chimeric proteins could be determined and the cells rein- 
fused into the patient The transformed cells expressing the 
chimeric proteins may demonstrate an enhanced immune 
response to the chosen antigen, thereby enhancing immu- 55 
nological removal of the antigen. 

One particularly useful application of gene therapy 
employing the DNA molecules of the present invention is 
enhancement of cytotoxic T cell activity against tumors. 
Cytotoxic T cells specific for the tumor may be isolated from 60 
tumor tissue. The T cells may be transfected with a DNA 
molecule encoding a CD8 chimeric protein, such as a 
CD8-Lck chimera. The cells may be re-infused into the 
patient and exhibit enhanced tumor kitling ability. Such 
treatment is especially attractive as T cells from animals 65 
with malignan cies have been shown to have a reduced level 
of tyrosine kinases. 
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The following examples are offered by way of illustration 
and not limitation. 

EXAMPLES 

The following enzymes and antibodies were used in the 
following examples. The Pfu polymerase was purchased 
from Strategene. MAbs GK1.5 (ariti-rnurine CD4), 2C11- 
145 (anti-murine, CD3), 519 (anti-mouse [*2-rmcroglobu- 
lin) ( and 4G10 (anti-phosphotyrosine) were used as hybri- 
doma culture supernatants. The phycoerythrin-conjugated 
GK1.5 was purchased from Becton Dickinson. Peroxidase- 
labeled goat anti-rabbit IgG was purchased from Kirkegaard 
& Perry Laboratories. Goat anti-mouse IgG-POD conjugate 
was from Boehringer Mannheim. 

Cell lines used in the following examples were as follows. 
The T cell hybridoma 171 has been previously described 
(Glaichenhaus et aL, Cell 64:511-520 (1991), incorporated 
herein by reference). The cell line produces monoclonal 
antibodies specific for a hen egg lysozyme peptide corre- 
sponding to residues 74-88 (NLANIPASALLSSDI) in asso- 
ciation with the I-A* MHC molecule. A subclone of this cell 
line, 171.3, was used in all experiments. The FI7.1 cell line 
is a derivative of L cells that express both the a and (J chains 
of the A* MHC class n molecule (Ronchese et aL, /. 
Immunol, 139:629-638 (1987), incorporated herein by ref- 
erence). All cells were grown in Dulbecco's modified 
Eagle's medium supplemented with 10% fetal bovine serum 
(FCS), 50 uM 2-rnercaptoethanol, 100 Unit/ml penicillin G, 
and 100 ug/ml streptomycin. For the IL-2 indicator cell line 
CTLL, the medium also contained 10 mM Hepes, pH7.4, 
vitamins and nonessential amino acids in addition to 60 
unit/ml recombinant human IL-2 (purchased from Amgen or 
R&D; the activity of the R&D product was normalized to 
that of the Amgen product). 

Transient transfection of COS7 cells with CD4-based 
constructs and immunoprecipitation analyses and kinase 
assays of the chimeric proteins were performed as previ- 
ously described (Turner et al., Cell 60:755-765 (1990), 
incorporated herein by reference. T cells were analyzed by 
the following procedure: 10 7 cells were pelleted and washed 
once with cold PBS. The cells were lysed in 1 ml lysis buffer 
(137 mM Nad , 1 mM EDTA, 10% glycerol, 0.5% Triton 
X-100, and 50 mM Tris-HCl, pH 8.0) in the presence of 
protease inhibitors (10 ug/ml leupeptin, 10 ug/ml soy bean 
trypsin inhibitor, 2 ug/ml pepstatin, 500 unit/ml aprotinin, 
and 1 mM PMSF) and the tyrosine phosphatase inhibitor 
sodium orthovanadate at 2.5 mM. The lysate was cleared by 
a 5 minute centrifugation at 4° C. and then incubated with 
40 ul of goat anti-rat IgG-Sepharose beads (Sigma) pro- 
armed with the anti-CD4 MAb GKL5. Immunoprecipitation 
was allowed to continue far 2 hours at 4° C. The beads were 
washed 3 times with cold PBS, 5 mM EDTA, 0.5% NP-40. 
The beads were then resuspended in 1 ml kinase buffer (10 
mM MnCl 2 and 50 mM Iris-HQ, pH7.5) and divided into 
30% for the kinase assay and 70% for irnmunoblotting. For 
the kinase assay, the beads were incubated in 15 ul kinase 
buffer containing 20 uCi X, 32 P-ATP (300OCi/mM, Amer- 
sham) and 10 ug acid-denatured enolase (Sigma). After 5 
minutes at room temperature, 15 ul of 2 X nonreducing SDS 
sample buffer was added to stop the reactioa The reaction 
product was analyzed by SDS-PAGE. The gel was fixed, 
treated with 1M KOH at 55° G for 1 hour to remove 
serme/threonine phosphorylation, and refixed before being 
dried down for autoradiography. For irnmunoblotting, the 
beads were denatured in nonreducing sample buffer. Half of 
each sample was electrophoresed on SDS-PAGE and trans- 
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ferred to a nitrocellulose membrane. Hie filter was blocked 
in 5% dried milk in IB ST (10 mM Iris, a, pH8, 0.9% Nad, 
and 0.1% Iween-200, incubated in appropriately diluted 
rabbit antiserum against murine CD4 or Lck, followed by 
peroxidase-labeled anti-rabbit IgG (1:10,000 dilution), and 5 
then developed using the ECL detection system (Amer- 
sham). 

Antibody-mediated crosslinking was performed as fol- 
lows: 10 7 T cells were centrifuged and washed once with 
cold media without FCS. The washed cells were incubated 1° 
on ice with 0.5 ml of the appropriate MAb(s) at saturating 
concentration for 30 minutes. Fourteen mis of cold PBS was 
added to the tube and the cells were collected by centrifu- 
gation. The cells were resuspended in 100 ul media without 
FCS and transferred to an eppendorf tube. After 3 minutes 15 
at 37° C, 2 ug of rabbit, anti-hamster IgG was added to the 
cells. The tube was immediately returned to 37° C. and the 
incubation continued (usually for 2 minutes, except . for the 
time course experiments). The cells were lysed on ice by 
mixing quickly with 100 ul of ice-cold 2 x lysis buffer which 20 
contained 2% NP-40 (instead of Triton X-100) and inhibi- 
tors of proteases and phosphatases. The lysate was cleared 
by centrifugation. For blotting of total cellular proteins, the 
lysate was denatured by the addition of 100 ul 2 x nonre- 
ducing SDS sample buffer. For immunoprecipitation of Lck 25 
800 ul of cold lysis buffer without detergent was added, and 
the lysate was incubated with MAb A4 (anti-human Lck)- 
armed anti-mouse agarose beads for two hours at 4° C. The 
beads were washed 3 times with TBST+10 mM EDTA+1 
mM sodium orthovanadate before addition of 40 uL of 2 x 30 
nonreducing sample buffer. Denatured samples were 
resolved by SDS-PAGE and transferred to a nitrocellulose 
membrane. Proteins phosphorylated on tyrosine residues 
were detected by immunoblotting using MAb 4G10 as the 
primary antibody followed by peroxidase coupled goat 35 
anti-mouse IgG at 1:20,000 dilution. Hie blot was developed 
by the ECL method. 

EXAMPLE 1 

40 

Construction of Plasmids Encoding the Chimeric 
Proteins 

This example demonstrates construction of plasmids 
encoding chimeric proteins of the present inventioa Several 
of the chimeric proteins contained subsequences having 
mutations of the corresponding wild-type protein. The plas- 
mids produced in this example provided a source of chi- 
meric proteins for use in assays. 

A Xba I site was introduced into the mouse CD4 cDNA 50 
in the pSM vector (Turner et aL, Cell, 60:755-765 (1990), 
incorporated herein by reference) at residue 394 (the end of 
the transmembrane domain) by oligonucleotide- directed 
mutagenesis, resulting in a serine substitution for cys-395 
(the numbering of the residues is according to Littman and 55 
Gettner, Nature, 352:453-455 (1987)). The resulting plas- 
mid was used as the source of the CD4 extracellular and 
transmembrane domains for constructing the hybrids. A Xho 
I site was introduced into tho murine lck cDNAin pSM at 
the sequence corresponding to amino acid residue 5. (Marth ffl 
et aL, Cell, 43:393-404 (1985). 

The CD4 and Lck sequences were ligated together in the 
presence of a pair of annealed complementary oligonucle- 
otides bridging the 3' CD4 Xba I and the 5' lck Xho I sites, 
giving rise to CtmLck containing the CD4 cDNA up to 65 
residue 396 and the whole Lck sequence (residues 1-509 
with the first amino acid replaced by lysine). lb construct 
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other chimeras, the entire coding sequences of chicken c-src 
flakeya and Hanafusa, Cell, 32:881-890 (1983), mouse 
fyn-T (Cooke and Perimutter, Few Biologist, 1:66-74(1990) 
and human hck (Quintrell et aL, Mol Cell BioL, 
7:2267-2275 (1987) were amplified by the polymerase 
chain reaction using the Pfu polymerase, which has a low 
mutation frequency, under conditions suggested by the 
manufacturer. The 5' primer contained a Xba I site to 
facilitate the ligation of the PCR products with the CD4 
cDNA missing the cytoplasmic domain. The junctions 
between CD4 and src family kinases were sequenced. 

FIG. 2A is a schematic representation of the chimeras 
between CD4 and src-farmly PTK's. Hie extracellular, 
transmembrane, and cytoplasmic domains of CD4 and the 
unique N-terminal, SID, SH2, and kinase domains of the 
PTK's are indicated The drawing is not to scale. The 
chimeras are designated by Ctm followed by the name of the 
particular kinase. For example, CtmLck indicates the hybrid 
of CD4andLct 

Chimeras containing various mutations were generated by 
a 2-step process: the mutations were first introduced into lck 
by ohgonucleotide-directed mutagenesis; then part of the lck 
cDNA containing the mutation was swapped into the chi- 
mera using standard methods. In the CtmLck273R mutant, 
lys-273 of Lck, which is essential for kinase activity, was 
substituted with arginine; in the CtmLck 154K mutant, arg- 
154 of Lck, which is predicted to be critical for phospho- 
tyrosme-bdnding, was replaced with lysine; the 
CtmLck273R154K mutant was obtained by combining both 
of the above mutations; in the kinase domain truncation 
mutant, residues 249-505 of lck were deleted using a 
bridging oligonucleotide. Mutations at the putative CD4 
MHC class II binding site (the MM4 mutants) were gener- 
ated by changing residues 101-107 (Lys-Val-Thr-Phe-Ser- 
Pro-Gly) to Gly-I^-Thr-Thr-Thr-Thr-Thr. All the muta- 
tions were verified by sequencing. 

Hie chimeras were initially made in the pSM vector for 
analysis in COS7 cells. They were subsequently cloned into 
the pMV7 vector for preparation of retroviral packaging cell 
lines (Glaichenhaus et aL, supra). 

EXAMPLE 2 

Preparation of Retroviral Packaging Cell lines and 
Isolation of Infected T Cells 

This example demonstrates preparation of packaging cells 
producing retroviral vectors containing chimeric proteins of 
the present invention. Following preparation of the packag- 
ing cells, T lymphocytes were infected with retroviral vec- 
tors encoding chimeric proteins. 

The preparation of the packaging cells producing retro- 
virus encoding the various CD4-containing proteins and the 
subsequent infection of 171.3 cells were as described by 
Glaichenhaus et aL, supra. Cells expressing CD4 on their 
surface were either selected by FACS (Glaichenhaus et aL, 
supra) or sorted using magnetic beads, as outlined below. 
Two days after infection, 10 7 T cells were incubated with the 
anti-CD4 MAb GK1.5 at saturating concentration for 30 
minutes on ice. The cells were washed extensively with 
phosphate-buffered saline (PBS) plus 2% FCS. The cells 
were mixed with 4x10 s Dynabeads M-450 coated with 
sheep anti-rat IgG (Bioproducts for Sciences, Inc.), pelleted, 
and allowed to stand on ice for 30 minutes. The cell/bead 
mixture was resuspended in 100 ul PBS plus 2% FCS and 
the incubation was continued for another 30 minutes. Cells 
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bound to beads were separated from the unbound cells by 
magnetic force. The beads and cells were resuspended in 5 
ml PBS plus 2% FCS and then isolated again using toe 
magnet This process was repeated an additional 3 times. 
After three days in culture, bead-purified cells that had 5 
detached from the beads were separated and discarded, and 
the culture was continued for three more days. The remain- 
ing cells that had detached from the beads were expanded 
lb obtain cells expressing similar levels of surface CD4, the 
above sorted cell lines were resorted by FACS, using a 10 
narrow window of fluorescence intensity. 

EXAMPLE 3 

Analysis of Cell Surface CD4 Expression 15 
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This example demonstrates detection of cell surface 
expression, of CD4 antigens on transfected cells. 

Approximately 5x10 s cells (either transfected COS7 cells 
or sorted T cells) were stained with 100 pi phycoerythrin- 20 
conjugated GK1.5 at saturating concentration (1:200 dilu- 
tion) and then resuspended in PBS, 2% FCS, and 0.2 ug/ml 
propidium iodide. Cell surface fluorescence was analyzed on 
a FACS can (Becton-Dickinson), and the dead cells were 
gated out by their high propidium iodide staining. 

Hie 171.3-derived cells were stained with phycoerythrin- 
conjugated anti-CD4 MAb GK1-5 and analyzed by flow 
cytometry. The parental 171.3 cells do not express CD4 and 
represent the negative staining profile (unfilled line in each 
panel). Each cell population was obtained by cell sorting 
following infection with retrovirus encoding the following: 
wild type CD4 (CD4); CD4 with a cysteine to alanine 
substitution in the cytoplasmic domain (CD4MCA1); CD4 
mutated in the MHC class II binding site (CD4MM4); 
CD4dck chimera (CtmLck); CD4/lck chimeras containing 35 
mutations in the class II binding site (CtmLckMM4), the 
catalytic domain (CtmLck273R), the SH2 domain 
(CtmLckl54K), and both the kinase and SH2 domains 
(CtmLck273R154K); CD4/lck chimera lacking the kinase 
domain (CtmLckakin); CD4 chimeras containing Src, Fyn T, 40 
and Hck (CtmSrc,CtmFynT, and CtmHck). 

The different sorted cell lines expressed roughly equiva- 
lent levels of both surface CD4 (FIG. 2B) and TCR/CD3. 
FACS analyses showed that all of the chimeric molecules 
were expressed at similar levels on the cell surface (FIG 
2B). 

EXAMPLE 4 
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Function of CD4/Lck Oiimeric Protein During T 
cell Activation 
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This example demonstrates that CD4/LCK chimeric mol- 
ecules may function as a co-receptor during T cell activation. 
T cells expressing the CD4/Lck chimeric protein were 55 
readily activated upon stirnulation with the T cell-specific 
antigen. 

A DNA sequence encoding a chimeric protein consisting 
of the extracellular and transmembrane domains of CD4 
linked to the entiie Lck protein was constructed as described 
in Example 1. The CD4 cytoplasmic domain was omitted 
from this hybrid protein to avoid CD4 interaction with 
endogenous T cell Lck. Hie cDNA was first cloned into an 
S V40-based vector (pSM) and shown to direct expression of 
surface CD4 upon transient transection into COS7 cells. 
The fusion protein was irnmunoprecipitated from lysates of 
these cells with anti-CD4 antibody and demonstrated to have 
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in vitro kinase activity. The construct was then introduced 
via retro virus-mediated gene transfer into the antigen-spe- 
cific T cell hybridoma line 171.3 that requires CD4 expres- 
sion for activation (Glaichenhaus et al., supra). 

Activation of the 171 cells and measurement of IL-2 
production were as described by Glaichenhaus et al., supra, 
previously incorporated herein by reference. For the anti- 
body blocking experiments, 25 ul of the anti-CD4 or anti- 
p2-microglobulin hybridoma supernatants was also added to 
the mixture of T cells, antigen, and antigen presenting cells. 

Infected cells were sorted to establish a polyclonal cell 
line expressing the chimeric protein. The same approach was 
used to prepare cell lines expressing the other constructs 
described below. The CD4+ cell lines were then tested for 
their response to stimulation with the antigen, a synthetic 
peptide analog of hen egg lysozyme, in the presence of 
antigen-presenting cells expressing the appropriate class II 
molecule, I-A*. FIG. 3A illustrates a comparison of 
responses of T cells expressing no CD4 (the parental 171.3 
cells), the CD4/lck chimeric molecule (CtmLck), wild type 
CD4, mutant CD4 (MCA1) that does not bind p56**, and 
mutant CD4 (MM4) or CD4/lck chimera (CtmLckMM4) 
that do not bind MHC class IL The T cells were stimulated 
by co-culturing with the appropriate antigen presenting cells 
and the peptide antigen at indicated concentrations. 

In contrast to the parental CD4-negative 171.3 cells, these 
cells (CtmLck) were readily activated upon antigen stimu- 
lation, as were cells that expressed wild type CEM (FIG. 3A). 
As was previously demonstrated, a form of CD4 with a 
mutation in one of the cysteine residues required for binding 
of endogenous Lck (CD4MCA1) mediated a barely-detect- 
able response to antigen. Thus, the chimeric molecule func- 
tionally resembles wild-type CD4, to which Lck is bound 
non-covalently. 

Activated forms of src family kinases can increase IL-2 
responses in the absence of a co-receptor interaction with 
ligand. For example, o verexpression of an activated form of 
Lck has been previously shown to enhance responsiveness 
of a CD4- T cell hybridoma to stimulation with antigen 
(Abraham et aL, Nature, 350:62-66 (1991). In addition, * 
expression of viral src in another T cell line resulted in 
constitutive H>2 expression (O'Shea et al., 1991). In order 
to rule out the possibility that the mode of action of the 
CD4/lck chimera was through constitutive activity of the 
FIX that lowered the threshold for activation, the reported 
MHC class II binding site of CD4 (Lamarre et aL, Science 
245:743-746 (1989); Clayton et al., Nature, 339:548-551 
(1989), both of which are mcorporated herein by reference) 
was mutated and assayed for functional activity. This muta- 
tion completely abolished the function of both CD4 and the 
CD4/lck chimera (GD4MM4 and CtmLckMM4 in FIG. 3A). 
Hie defect in these molecules was confined to the function 
of the extracellular domain, since antibody-mediated 
crosslinking of CD3 and the mutant CD4 or CD4/lck chi- 
mera resulted in normal levels of tyrosine phosphorylation 
of cellular substrates and the in vitro kinase activity of the 
MHC-non-binding mutant chimeric molecule was similar to 
that of the CtmLck molecule. In addition, the activity of the 
chimeric molecule in the T cell hybridoma was completely 
blocked by antibody against CD4 but not by a control MAb 
against ^-microglobulin used as a control (FIG. 3B). These 
results indicate mat, like wild type CD4, a functional class 
n-binding extracellular domain is essential for the activity of 
the CDA/lck hybrid molecule and confirms that this mol- 
ecule is appropriately regulated in the 171.3 hybridoma. 
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EXAMPLE 5 

Function of CD4 Chimeric Proteins Having a 
non-Lck Tyrosine Kinase 

This example describes functional assays of CD4 ctn- 5 
meric proteins having non-Lck src tyrosine kinases. The 
chimeric proteins displayed co-receptor function in response 
to antigen. 

Polyclonal populations of cells derived from the 171.3 10 
hybridoma expressing the various chimeric proteins were 
prepared and tested for their response to antigen. The 
expression of the T cell receptor complex was nearly iden- 
tical in all cells with the exception of those expressing 
CtmHck, whose TCR/CD3 level was approximately 60% 15 
that of the other lines. Chimeric proteins were precipitated 
from the sorted cell lines using anti-CD4 antibodies. Acid- 
denatured enolase was included in the kinase reactions to 
serve as a model substrate. The reaction was analyzed on 
10% SDS-PAGE. Trie chimeric proteins were shown to have 20 
kinase activity (FIG. 4A). 

All chimeric proteins displayed co-receptor function in 
response to antigen when co-cultured with antigen-present- 
ing cells and peptide antigen (FIG. 4B)i although cells 
expressing the CD4/hck hybrid protein were considerably 25 
less responsive than cells expressing the other molecules. 
The results indicate that, when appropriately localized 
within the cell, e.g. tethered to CD4, different members of 
the src family may be functionally interchangeable. 

30 

EXAMPLE 6 

An Active Kinase Domain is not Essential for the 
Function of the CD4/lck Chimera 

35 

This example demonstrates that the tyrosine kinase 
domain of the chimeric proteins need not be active to 
provide a functional chimeric protein. 

Protein phosphorylation on tyrosine residues has been 
shown to play an essential role in TCR-mediated activation 40 
of T cells (June et aL, Proc. Natl Acad ScL USA, 
87:7722-7726 (1990). In addition, crosslinking of CD4 to 
the TCR/CD3 complex results in a significant enhancement 
in cytoplasmic PTK activity and in signal transduction (June 
et aL, supra). Two forms of the CD4/lck chimera that were 45 
defective in phosphotransferase activity and expressed these 
in the T cell hybridoma were prepared The chimeras were 
immunoprecipitated using an anti-CD4 MAb from T cell 
lysates; kinase reactions were initiated by addition of y-32P- 
ATP. Acid-denatured enolase was used as a model kinase 50 
substrate. The reaction products were separated by SDS- 
PAGE and visualized by autoradiography. 

Both a point mutation in a residue essential for phospho- 
transferase activity (CtmLck273R, lys-273 of Lck converted 
arg) or a truncation of the entire, kinase domain (CtmLck- 55 
akin, missing residues 249-505 of Lck) resulted in complete 
loss of the in vitro kinase activity of the chimeric proteins. 
(FIGS. 5A & SB). The mutant CD4/lck lacking the entire 
catalytic domain rendered the hybridoma highly responsive 
to antigen stimulation when co-cultured with peptide antigen 60 
at various concentrations in the presence of antigen-present- 
ing cells (FIG. 5Q. Hie chimera with a substitution fur 
lys-273 also showed substantial, though reduced, co-recep- 
tor activity. A CD4/hck chimeric molecule with an analo- 
gous point mutation also retained biological activity that was 65 
similar to that of its wild-type counterpart These results 
indicate that, in antigen-specific T cell activation, the func- 



18 



tion of CD4-associated Lck does not exclusively rely on its 
enzymatic activity and that non-catalytic properties of src 
family PTK's can contribute directly to at least some of their 
functions. 

Previous studies have shown that antibody crosslinking of 
the TCR-complex leads to the activation of a protein 
tyrosine kinase pathway, and that co-crosslinking of CD4 
with the TCR significantly enhances this process (June et aL, 
/. Immunol, 144:1591-1599 (1990)). To determine whether 
this enhancement is dependent on the catalytic activity of 
CD4- associated Lck, the effects of the wild type and the 
kinase-defective CD4/lck proteins on TCR-induced protein 
tyrosine phosphorylation were analyzed using antiphospho- 
tyrosine irnmunoblots. Crosslinking was performed with the 
indicated MAbs against murine CD4 or/and CD3 plus 
secondary antibodies at 37° C. for 2 minutes. Phosphoty- 
rosme-containing proteins were detected by immunoblot- 
ting. Lysate from 1.5x10* cells was applied to each lane. T 
cells expressing the CD4/lck chimera are in lanes 1-4 and its 
kinas e-negative mutant lanes 5-8 in FIG. 6A. Aggregation 
of the CD4/lck chimera (approximately 108 kd) with anti- 
CD4 antibody resulted in its own tyrosine phosphorylation 
(lane 2). Treatment with anti-CD3 antibody resulted in the 
specific tyrosine phosphorylation of several proteins, with 
prominent bands observed at 36 kd, 72 kd, and 110 kd. 
Coaggregation of the chimera with the TCR/CD3 complex 
significantly enhanced the tyrosine phosphorylation of these 
cellular proteins (lanes 3 and 4). In contrast, crosslinking of 
the kinase-defective mutant chimera did not result in its 
phosphorylation (lane 6), nor was protein tyrosine phospho- 
rylation significantly augmented by its co-crosslinking with 
the TCR/CD3 complex (lanes 7 and 8). Similar results were 
also obtained in a time course study. 

These data indicate that it is unlikely that the kinase- 
defective mutant chimeric proteins function in the antigen- 
specific response due to their association with an endog- 
enous kinase (including Lck). This conclusion is reinforced 
by the inability to co-immunoprecipitate endogenous Lck or 
another kinase activity with the chimera under a variety of 
different conditions. To further examine the possibility of a 
functional association between endogenous Lck and the 
chimeric protein, the tyrosine-phosphorylation status of Lck 
following antibody-mediated crosslinking of the kinase- 
negative chimera was analyzed (FIG. 6B). Crosslinking was 
carried out for 2 minutes at 37° C Lck was then immuno- 
precipitated from the cell lysates and analyzed by anti- 
phospho tyrosine imrnunoblot Cells expressing wild type 
CD4 were used as a positive control (lanes 1-2). 

Irnrmmoprecipitated Lck from lysates of untreated or 
anti-CD4 treated cells was analyzed by irnmunoblotting with 
an anti-phosphotyrosine MAb. Crosslinking of wild type 
CD4 resulted in the heavy phosphorylation of Lck on 
tyrosine, but no such change was detectable, in cells 
expressing the kinase-deficient chimeric protein. Reprobing 
of the same niter with anti-Lck antibodies following strip- 
ping revealed similar levels of Lck in all irrununoprecipi- 
tates. 

EXAMPLE 7 

The SH2 Domain of Lck Mediates the Co-Receptor 
Activity of the CD4/lck Ownera 

This example demonstrates that the SH2 domain of Lck is 
involved in mediating co-receptor activity of the chimeric 
proteins. 
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The role of the Lck SH2 domain, which is predicted to 
bind to specific tyrosine-phosphoryiated cellular proteins 
was analyzed A point mutation (arg>lys) was introduced at 
the highly conserved argl54 residue, which is predicted to 
be located in the phosphotyrosine-binding cleft based on the 5 
crystal structure of the homologous v-src SH2 domain 
(Waksman et aL, Nature, 358:646-653 (1992), incorporated 
herein by reference). A similar change in the abl SH2 
domain has been shown to abrogate its binding to tyrosine- 
phosphoryiated proteins (Mayer at al, Mol Cell Bu>U io 
12:609-318 (1992), incorporated herein by reference. 
Although this mutation did not affect the ability of the 
chimera to phosphorylate substrates in vitro (FIGS. 7A & 
7B), the mutant protein showed decreased co-receptor activ- 
ity (CtmLckl54K construct in FIG. 7). Significantly, when 15 
this SH2 domain mutation was combined with the point 
mutation (arg-273) that abolished kinase activity, the result- 
ing defect was much more severe than that observed with 
either mutation alone (FIG. 7C, compare the 
CtmLck273R154K double mutant with the CtmLckl54K 20 
and CtmLck273R mutants). The phenotype of the double 
mutant indicates that Lck works through multiple activities 
contributed independently by its various domains. 

All publications, patents and patent applications men- 
tioned in this specification are herein incorporated by ref- 25 
erence into the specification to the same extent as if each 



individual publication, patent or patent application was 
specifically and individually indicated to be incorporated 
herein by reference. 

Although the foregoing invention has been described in 
some detail by way of illustration and example for purposes 
of clarity of understanding, it will be obvious that certain - 
changes and modifications may be practiced within the 
scope of the appended claims. 

What is claimed is: 

1. A chimeric protein comprising a CD4 molecule lacking 
the CD4 cytoplasmic domain linked to an src protein 
tyrosine kinase. 

2. A chimeric protein as in claim 1, wherein the GD4 
molecule is a human CD4 molecule. 

3. A chimeric protein as in claim 1, wherein the src protein 
tyrosine kinase is a human src protein tyrosine kinase. 

4. A chimeric protein as in claim 3, wherein the src protein 
tyrosine kinase is 056^*. 

5. A chimeric protein as in claim 3, wherein the src protein 
kinase is c-SRC, Fyn-T, ZAP-70, or Hck. 



UNITED STATES PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 



PATENT NO. 

DATED 

INVENTOR(S) 



5,504,000 
April 2. 1996 
LJTTMAN et al. 



It is certified that error appears in the above-identified patent and that said Letters Patent is hereby 
corrected as shown below: 

In column 1 at line 5, insert the following statement 



Attest: 



Signed and Sealed this 
Twenty-second Day of June, 1999 



Q. TOW) DICKINSON 

Attesting Officer Acting Commi\sinnrr of Patrttt* and Trademark* 




United States Patent [i9] [u] Patent Number: 5,837,544 

Capon et al. [45] Date of Patent: Nov. 17, 1998 



[54] METHOD OF INDUCING A CELL TO 
PROLIFERATE USING A CHIMERIC 
RECEPTOR COMPRISING JANUS KINASE 

[75] Inventors: Daniel J. Capon, Hillsborough; Huan 
Tian, Cupertino; Douglas H. Smith, 
Foster City; Genine A. WinsJow, 
Hayward, all of Calif.; Miriam 
Siekevitz, New York, N.Y. 

[73] Assignee: Cell Genesys, Inc., Foster City, Calif. 

[21] Appl. No.: 485,293 
[22] Filed: Jun. 7, 1995 

Related U.S. Application Data 

[63] Continuation of Ser. No. 382,846, Feb. 3, 1995. 

[51] Int. Ci. 6 C12N 5/10; -C12N 1/38 

[52] U.S. CI 435/375; 435/325; 435/69.7; 

435/376; 435/377 

[58] Field of Search 536/23.4; 435/69.7, 

435/240.2, 320.1, 325, 375, 376, 377; 530/387.3 

[56] References Cited 

U.S. PATENT DOCUMENTS 

5,359,046 10/1994 Capon et al 536/23.4 

5,470,730 11/1995 Greenberg et al 435/1723 

5,504,000 4/1996 Uttman et al 435/194 

FOREIGN PATENT DOCUMENTS 

0340793 8/1989 European Pat Off. . 
W09319163 3/1993 WIPO . 
W09429438 12/1994 WIPO. 

OTHER PUBLICATIONS 

Nakamura et al. (1994) Nature 369: 330-333. 
Miyazaki et al. (1994) Science 266: 1045-1047. 
Heinzel et al., Use of Simian Virus 40 replication to amplify 
Epstein-^Barr virus shuttle vectors in human cells, J.Virol; 
63:3738-3746 (1988). 

Kishimoto et al., Cytokine Signal Transduction, Cell 
76:253-262 (1994). 

Morgan and Anderson, Human gene therapy, Ann.Rev.Bio- 
chem. 62:191-217 (1993). 

Mulligan, The basic science of gene therapy, Science 
360:926-930(1993). 

Nienhuis et al., Gene Transfer into Hematopoietic Stem 
Cells, Cancer 67:2700-2704 (1991). 
Orkin et al., Report and Recommendations of the Panel to 
Assess the NIH Investment in Gene Therapy, (1995). 



Paul, Tumor Immunology, Fundamental Immunol, Chap. 
34, pp. 923-955 (1989). 

Riddell et al., Genetically modified T-cell clones as a r 
treatment for human viral diseases, (Meeting Soc.Biol- 
.Therapy (Abstract), p. 50 (1993). 

Sakai et z\.,Signal transduction by a CD16ICD7Uak2 fusion 

protein, J.Biol.Chem. 270:18420-18427, (1995). 

Spencer et al., Controlling signal transduction with synthetic 

ligands. Science 262:1019-1024 (1993). 

Stancovski et al., Targeting of T lymphocytes to Neul 

HER-2^expressing cells using chimeric single chain Fv 

receptors, J.Immunol. 151:6577-6582 (1993). 

Travis, Making molecular matches in the cell, Science 

262:989 (1993). 

Weatherall, Scope and limitations of gene therapy , British 
Med.Bull. 51:1-11 (1995). 

Primary Examiner — Stephen Walsh 

Assistant Examiner — Michael D. Pak 

Attorney, Agent, or Firm — Sughrue, Mion, Zinn, Macpeak 

& Seas, PLLC 



[57] 



ABSTRACT 



The present invention is directed to novel chimeric prolif- 
eration receptor proteins and DNAsequences encoding these 
proteins where the chimeric proteins are characterized in 
three general categories. In one category, the novel chimeric 
proteins comprise at least three domains, namely, an extra- 
cellular inducer-responsive clustering domain capable of 
binding an extracellular inducer that transmits a signal to a 
proliferation signaling domain, a transmembrane domain 
and a proliferation signaling domain that signals a host cell, 
to divide. In the second category, the novel chimeric proteins 
comprise at least two domains, namely, an intracellular 
inducer-responsive clustering domain capable of binding an 
intracellular inducer and a proliferation signaling domain 
that signals the cell to divide. In yet a third category, a novel 
hybrid chimeric protein receptor is contemplated that con- 
tains an intracellular or extracellular inducer domain, a 
transmembrane domain, a proliferation signaling domain 
and an effector signaling domain in a single chain molecule. 
Whether the binding domain is intracellular or extracellular, 
the binding of inducer to these novel chimeric receptor 
proteins induces the clustering of the binding domains to 
each other and further signals the cell to proliferate, and 
optionally, signal an effector function. The present invention 
further relates to expression vectors containing the nucleic 
acids encoding the novel chimeric receptors, cells express- 
ing the novel chimeric receptors and therapeutic methods of 
using cells expressing these novel receptors for the treatment 
of cancer, infectious disease and autoimmune diseases, for 
example. 

5 Claims, 6 Drawing Sheets 



U.S. Patent Nov. 17, 1998 Sheet 1 of 6 5,837,544 



(a) - - [KDgJ-jWJ^P^g] 



■W - - 

(c) 

(d) -- 

(e) 

(f) -- 

(g) 

oo — 
(i) -- 

G) 

(k) -- 
(I) -- 

(m)"- 

(n) 

(o) 

(P) 

(q) 

W " " 
(s) 



ICD(s)T - rPSD(s) 



PSD(s)H ICD(s)"1 



ICD(^n - fPSD(s)H EFSD | 



icp(gT - i^FHPSD(s)l 



"efsdIhpsdCs)! - ! 1 ^) I 



PSD[gTH1CD(s)~l - | EFSD | 



^0]-{iCD(2]-|PSDg 



IcD(i)l -fT ^ 



ECDCsn -^TM}- ^ PSD(s)H E^D I 



ECD(s)] --[TM H ICD(s) H~E^D~H PSD(s) | 



1ecd(s)H tm Hpsd(s)H efs d H icd ( s )I 

ECD(s)H tm H EFSD | - fPSD(s)H lCD(s) | 



ECD(s)1 --|TM H PSD(s) h - pCDCsTr - f^SD" 



ECD(s)H t ^ PSD(s) | 

FIG.1 



U.S. Patent Nov. 17, 1998 Sheet 2 of 6 5,837,544 

OLIGO 1 CCTGCTGAACTTCACTCTGTCGACACAGAAGAAGATGCC 
OLIGO 2 TCGACATGCAGTATCTAAATATAAAAGAGGACTGCAATGC 

OLIGO 3 CATGGCATTGCAGTCCTCTTTTATATTTAGATACTGCATG 

OLIGO 4 TATGTGTCAGTGGGGCGGGCC 

OLIGO 5 CGCCCCACTGACACA 

OLIGO 6 GTAAGGCAGGCCATTCCCATGTCGACACAGAAGAAGATGCC 

OLIGO 7 TCTGTGTCGACATGGG 

OLIGO 8 TCGACATGGCACCTCCAAGTGAGGAGACACCTCTGATCCCT - CAGC 

OLIGO 9 GCTGAGGGATCAGAGGTGTCTCCTCACTTGGAGGTGCCATG 

OLIGO 10 GATCCCTAGTTTATTCATGGGCC 

OLIGO 11 CATGAATAAACTAGG 

OLIGO 12 CATCCCCCAGTGGCGCAGAGGCATGTCGACAGAGTGAAGTTC 

OLIGO 13 GTCGACATGCCTCTGC 

OLIGO H GGGCCGCCGGAATTCCATGTCGACACAGAAGAAGATGCC 

OLIGO 15 TCTGTGTCGACATGGA 

OLIGO 16 CCTCAACAGGGTCCTTC 

OLIGO 17 GCTGATCGTCGACAACTGCAGGAACACCGG 

OLIGO 18 CATCTGTGATATCTCTACACCMGTGAGTTG 

OLIGO 19 GAAGAGCAAGCGCCATGTTGAAGCCATCATTACCATTCAC 



FIG. 2A 
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OLIGO 20 AGCCTGAAACCTGAACCCCAATCCTCTGACAGAAGAACCC 

OLIGO 21 CTGGCTGGTCGACGAACGGACGATGCCCCGCATTCCCACCC- 
TGAAGAAC 

OLIGO 22 GATTGGGGGATATCTCAGGTTTCAGGCTTTAG 

OLIGO 23 GAAATCCCCTGGCTGTTAGTCGACGCGAGGGGGCAGGGCCTG 

OLIGO 24 TGTTAGTCGACGCGAG 

OLIGO 25 GGTCCACTCGAGATGGCCAGCAGCGGCATG 

OLIGO 26 CCAGGTCCGATATCTTAGTCGACGTTCACCACGTCATAGTA 

OL I GO 27 GACTGACTCTCGAGGGCGTGCAGGTGGAAACC 

OLIGO 28 GACTGACTGTCGACTTCCAG FTTTAGAAGCTC 

OLIGO 29 AATTCAAGGCCACAATGC 

OLIGO 30 TCGAGCATTGTGGCCTTG 



FIG. 2B 
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METHOD OF INDUCING A CELL TO the cell membrane, and a cytoplasmic proliferation signaling 

PROLIFERATE USING A CHIMERIC domain that signals the cell to divide upon the clustering of 

RECEPTOR COMPRISING JANUS KINASE the extracellular domains. This novel chimeric proliferation 

receptor may optionally have an effector function signaling 
This application is a continuation of application Sen No. 5 domain between the transmembrane domain and the prolif- 
08/382,846, filed Feb. 2, 1995, which is pending. eration signaling domain or it may be attached to the 

C-terminus of the proliferation signaling domain. In another 
INTRODUCTION general embodiment, the novel chimeric proliferation recep- 

tor proteins comprise at least an intracellular inducer- 
TECHNICAL FIELD io responsive clustering domain that binds to an intracellular 

The field of this invention relates to the construction and ^ducer, a ? d a ^P 1 * 51 ™ proliferation signaling domain 
use of novel chimeric receptor proteins for signaling cellular * e cdl t0 <| mde u P° n clustering of the 

proliferation and optionally, for signaling cellular effector mtracellular domains Tins novel chimeric proliferation 
function receptor may optionally have an effector function signaling 

15 domain attached via its N-terminus to the proliferation 
BACKGROUND signaling domain or to the intracellular induce r-responsive 

clustering domain. Modifications of these receptors include 
The production of novel chimeric receptor proteins which amino acid substitutions or deletions of the domains, or the 
initiate signaling in a cell that results in activating a second additions of one or more linker regions between various 
messenger pathway in response to an inducer binding to the 20 domains of these novel chimeric proliferation receptors, 
extracellular portion of these receptors is the subject of U.S. present invention also includes the preparation and 

Pat. No. 5359,046, the entirety of which is incorporated expression of novel chimeric proliferation receptor proteins 
herein by reference. These chimeric receptor molecules or modifications thereof by transducing into a host cell a 
comprise three domains in a single protein moiety, namely, DNA construct comprising a DNA fragment or variant 
a cytoplasmic effector function signaling domain, a traas- 25 thereof encoding the above novel chimeric proliferation 
membrane domain and an extracellular inducer binding receptors) functionally attached to regulatory sequences 
domain. The cytoplasmic domain and extracellular domain that permit the transcription and translation of the structural 
are not naturally associated together. By mixing and match- gene aad expression in the host cell containing the DNA 
ing extracellular domains with a particular type of cytoplas- construct of interest. 

mic domain, one may transduce a particular signal by 30 ^. 4 • c. • i j ^vt a c 

employing different inducers that bind to different extracel- ,^^1^^ includes DNA fragments 
hilar binding domain receptors. Additionally, these single ? nd ™ U «^ """Jng ** ™* <*™nc prohfera- 
molecule receptors have the' desired characteristics of bind- * e eXpreSSl °, n ^ctors compnsmg 

ing inducer and transducing a signal without requiring the J*™, ^ ° T VanaDte there ° f ' J 1081 fH 5 

. - & i /wtt^n ■ , V transduced with the above expression vectors and methods 

major histocompatibility complex (MHC) involvement or 35 f tU i u* . 

... c ■ * i *u of using the novel chimenc proliferation receptors to regu- 

antigen presentation. Sucn characteristics make these chi- +u 4 . * _ 6 . 

™Jf„ • j i • .i j . 4 - „ , - late cell growth or as therapeutics for treating cancer and 

menc receptors ideal in the development of cellular thera- infectious diseases 
pies by permitting the directed activity of cells selected for 

a particular effector function. DESCRIPTION OF THE DRAWINGS 

To enhance the above technology, it would be desirable to 40 

insure that cells expressing these chimeric receptors with FIG. 1 illustrates the structures of the chimeric prolifera- 

effector function are present in the body in sufficient quantity ^on receptors discussed in the detailed description, 

for effective cellular therapy or treatment. This requirement FIGS. 2A and 2B is a listing of oligonucleotides (SEQ ID 

may be met by the proliferation of the cells expressing the NOS:1-30) as described in the Examples, infra, 

chimeric effector function receptor at the site where they 45 nGS 3 (A>-{L) are graphs of FACS analysis of CD4- 

would be most advantageous. Janus kinase chimeric proliferation receptor expression in 

The present invention provides a strategy that consists of 293 cells, as described in Example 10(B), infra. The dotted 

further engineering cells, including those expressing chi- lines are cells stained with FITC-IgG; the solid lines are cells 

meric effector function receptors such that they are capable stained with FlTC-anti-CD4. (FIG. 3(A): Mock-transfected; 

of proliferating in the body in an inducer molecule driven 50 FIG. 3(B) CD4<; FIG. 3(C) CD4-mJAKl; FIG. 3(D) CD4- 

fashion and, in addition, may be growth factor independent. £-mJAKl; FIG. 3(E) CD4-mJAK2; FIG. 3(F) CD4-£- 

There is also a general need in the field for a variety of mJAK2; FIG. 3(G) CD4-mJAK3; FIG. 3(H) CD4-£- 

therapeutic cells to proliferate in vivo either when they have rnJAK3; FIG. 3(1): CD4-hJAK3; FIG. 3(J) CD4-£-hJAK3; 

homed to or are transplanted to the proper site or in response 55 ^ G • 3 ( K ) : CD4-hTyk2; FIG. 3(L): CD4-£-hTyk2.) 

to an administered inducer molecule. The present invention FIG. 4 is an autoradiogram of immunoprecipitations of 

provides a method to direct cell proliferation in this manner. lysates from 293 cells transfected with CD4-Janus kinase 

constructs as described in Example 10(C). (Lanes 1 & 4: 

SUMMARY OF THE INVENTION Mock-transfected; Lanes 2 & 5: CD4-mJAKl; Lanes 3 & 6 

Methods involving recombinant DNA technology and 60 S^^^J^ ^ D ° aDdb ° dy Lm * 
recombinant protein expression are provided for the produc- antibody.) 

tion and expression of novel chimeric receptors for regulat- detatt FD nPSPRTPTf ON nv thp 

ing cellular proliferation and optionally, for signaling effec- ^SSSS^^SSiS^ 
tor function. In one general embodiment, the novel chimeric PREFERRED EMBODIMENTS 

proliferation receptor proteins comprise at least an extracel- 65 As noted above, the present invention generally relates to 
hilar inducer-responsive clustering domain that binds to an novel chimeric proliferation receptor proteins and DNA" 
extracellular inducer, a transmembrane domain that crosses sequences encoding these novel chimeric receptor proteins 
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which may or may not additionally contain an effector 
function signaling domain. The novel chimeric proliferation 
receptors (CPRs) provided herein may be further character- 
ized in that the inducer binding domain of the CPR is 
expressed extracellularly or intracellularly. CPRs may be 
introduced into cells already expressing a chimeric effector 
function receptor previously as described in U.S. Pat No. 
5,359,046 or the two receptors may be introduced together 
and co-expressed in the same cell In this aspect, the CPR 
containing cells of the present invention have the distinct 
advantage of specific expansion in response to a specific 
inducer molecule that may simultaneously stimulate effector 
function in the same expanded cell population. Alternatively, 
CPRs of the present invention may be introduced into cells 
without a chimeric effector function receptor, to allow them 
to proliferate in vivo. Further aspects of the present inven- 
tion will be discussed in detail below following a definition 
of terms employed herein. 
Definitions: 

The term "extracellular inducer-responsive clustering 
domain" or "ECD" refers to the portion of a protein of the 
present invention which is outside of the plasma membrane 
of a cell and binds to at least one extracellular inducer 
molecule as defined below. The ECD may include the entire 
extracytoplasmic portion of a transmembrane protein, a cell 
surface or membrane associated protein, a secreted protein, 
a cell surface targeting protein, a cell adhesion molecule, or 
a normally intracytoplasmic ligand-binding domain, and 
truncated or modified portions thereof. In addition, after 
binding one or more inducer molecule(s), the ECDs will 
become associated with each other by dimerization or 
ohgomerization, i.e., "cluster". 

The term "intracellular inducer-responsive clustering 
domain" or "ICD" refers to the portion of a protein which is 
inside of the plasma membrane of a cell, that binds to at least 
one intracellular inducer molecule as defined below. After 
binding one or more inducer molecule(s), the I CDs will 
become associated with each other by dimerization or 
ohgomerization, i.e., "cluster". 

The term "proliferation signaling domain*' or "PSD" 
refers to a protein domain which signals the cell to enter 
mitosis and begin cell growth. Examples include the human 
or mouse Janus kinases, including but not limited to, JAK1, 
JAK2, JAK3, iyk2, Ptk-2, homologous members of the 
Janus kinase family from other mammalian or eukaryotic 
species, the IL-2 receptor p and/or y chains and other 
subunits from the cytokine receptor superfamily of proteins 
that may interact with the Janus kinase family of proteins to 
transduce a signal, or portions, modifications or combina- 
tions thereof. 

The term "transmembrane domain" or "TM" refers to the 
domain of the protein which crosses the plasma membrane 
and is derived from the inducer-binding ECD domain, the 
effector function signaling domain, the proliferation signal- 
ing domain or a domain associated with a totally different 
protein. Alternatively, the transmembrane domain may be an 
artificial hydrophobic amino acid sequence which spans the 
plasma membrane. 

The term "extracellular inducer molecule" refers to a 
ligand or antigen which binds to and induces the clustering 
of an ECD as described above or portions or modifications 
of the extracellular inducer molecule that are still capable of 
binding to and inducing the clustering of an ECD. To 
facilitate clustering, the inducer molecule may be intrinsi- 
cally bivalent or multivalent; or it may be presented to the 
ECD in a bivalent or multivalent form, eg., on the surface of 
a cell or a virus. 
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The term "intracellular inducer molecule" refers to a 
natural or synthetic ligand that can be delivered to the 
cytoplasm of a cell, and binds to and induces the clustering 
of an intracellular inducer responsive domain. To facilitate 
clustering, the intracellular inducer molecule may be intrin- 
sically bivalent or multivalent. 

The term "chimeric extracellular inducer-responsive pro- 
liferation receptor" or "CEPR" refers to a chimeric receptor 
that comprises an extracellular inducer responsive clustering 
domain (ECD), a transmembrane domain and a proliferation 
signaling domain (PSD). The ECD and PSD are not natu- 
rally found together on a single receptor protein Optionally, 
this chimeric receptor may also contain an effector function 
signaling domain as defined below. 

The term "chimeric intracellular inducer-responsive pro- 
liferation receptor" or "CIPR" refers to a chimeric receptor 
that comprises an intracellular inducer-responsive clustering 
domain (ICD) and a proliferation signaling domain (PSD). 
The ICD and PSD are not naturally found together on a 
20 single receptor protein. Optionally, this chimeric receptor 
may also contain an effector function signaling domain as 
defined below. 

The term "effector function" refers to the specialized 
function of a differentiated cell. Effector function of a T cell, 
25 for example, may be cytolytic activity or helper activity 
including the secretion of cytokines. 

The term "effector function signaling domain" or "EFSD" 
refers to the portion of a protein which transduces the 
effector function signal and directs the cell to perform its 
30 specialized function. While usually the entire EFSD will be 
employed, in many cases it will not be necessary to use the 
entire chain. To the extent that a truncated portion of the 
EFSD may find use, such truncated portion may be used in 
place of the intact chain as long as it still transduces the 
effector function signal. Examples are the £ chain of the T 
cell receptor or any of its homologs (e.g., r\ chain, FceRl-y 
and -p chains, MB1 chain, B29 chain, etc.), CD3 polypep- 
tides (y, 6 and e), syk family tyrosine kinases (Syk, ZAP 70, 
etc.), the sre family tyrosine kinases (Lck, Fyn, Lyn, etc.) 
and other molecules involved in T cell signal transduction. 

The term "chimeric effector function receptor" refers to a 
chimeric receptor that comprises an extracellular domain, 
transmembrane domain and cytoplasmic domain as 
described in U.S. Pat. No. 5,359,046 or the EFSD domain as 
described above. The extracellular domain serves to bind to 
an inducer and transmit a signal to the cytoplasmic domain 
which transduces an effector function signal to the cell. 

The term "modifications" refers to an addition of one or 
more amino acids to either or both of the C- and N-terminal 
ends of the intracellular and extracellular inducer molecules 
(in the case where these are proteins) or, the ECDs, ICDs, 
PSDs, EFSDs, or TMs, a substitution of one or more amino 
acids at one or more sites throughout these proteins, a 
deletion of one or more amino acids within or at either or 
both ends of these proteins, or an insertion of one or more 
amino acids at one or more sites in these proteins such that 
the inducer molecule binding to the ICD or the ECD is 
retained or improved as measured by binding assays known 
in the art, for example, Scatchard plots, or such that the PSD, 
EFSD or TM domain activities are retained or improved as 
measured by one or more of the proliferation assays 
described below. In addition, modifications can be made to 
the intracellular and extracellular inducer molecules and to 
the corresponding ICDs and ECDs to create an improved 
receptor-ligand binding pair. 

The term "variant" refers to a DNA fragment encoding an 
intracellular or extracellular inducer molecule, or an ECD, 
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ICD, PSD, EFSD or TM domain that may further contain an 
addition of one or more nucleotides internally or at the 5' or 
3' end of the DNA fragment, a deletion of one or more 
nucleotides internally or at the 5' or 3' end of the DNA 
fragment or a substitution of one or more nucleotides 5 
internally or at the 5* or 3' end of the DNA fragment such that 
the inducer molecule binding to the ICD or the ECD is 
retained or improved as measured by binding assays known 
in the art, for example, Scatchard plots, or such that the PSD, 
EFSD or TM domain activities are retained or improved as 10 
measured by one or more of the proliferation assays 
described below. In addition, modifications can be made to 
the intracellular and extracellular inducer molecules and to 
the corresponding ICDs and ECDs to create an improved 
receptor-ligand binding pair. is 

The term "linker" or "linker region" refers to an oligo- or 
polypeptide region of from about 1 to 30 amino acids that 
links together any of the above described domains of the 
chimeric proliferation receptors defined above. The amino 
acid sequence is not derived from the ICDs, ECDs, EFSDs, 20 
PSDs, or TM domains. Examples of linker regions are linker 
212 and linker 205 as referenced in Betzyk et al., /. Biol 
Chem. r 265:18615-18620 (1990) and Gruber et al, 7. 
Immunol, 152:5368-5374 (1994) respectively. 

In its general embodiments, the present invention relates 25 
to novel chimeric proliferation receptors, nucleic acid 
sequences encoding tie receptors, the vectors containing the 
nucleic acid sequences encoding the receptors, the host cells 
expressing the receptors, and methods of using of the 
receptors in regulating cell growth. In one aspect of the 30 
present invention, a novel chimeric proliferation receptor 
(CPR) protein is provided containing an inducer-responsive 
binding domain and a proliferation signaling domain that do 
not naturally exist together as a single receptor protein. One 
novel CPR identified herein as "chimeric extracellular 35 
inducer responsive proliferation receptor" (abbreviated 
CEPR) is designed to be expressed in cells, which then 
proliferate in response to the binding of a specific extracel- 
lular inducer molecule. The three domains that comprise 
CEPR are: (1) an extracellular inducer-responsive clustering 40 
domain (ECD) which serves to bind to a ligand called an 
extracellular inducer molecule, (2) a transmembrane domain 
(TM), which crosses the plasma membrane and, (3) a 
proliferation signaling domain (PSD) that signals the host 
cell to divide. Optionally, the CEPRs described above may 45 
comprise multiple PSDs attached to each other (See FIG. 
1(a)). Each inducer molecule or group of inducer molecules 
is presented multivalently (eg. more than one inducer mol- 
ecule in close proximity to each other on a cell surface) to 
the CEPR. The inducer molecules will thus bind more than 50 
one ECD, causing the ECDs to dimerize or oligomerize (i.e. 
cluster together). This clustering transmits a signal through 
the transmembrane domain to the proliferation signaling 
domains, which become activated. 

The host cells bearing the chimeric proliferation receptors 55 
of the present invention will expand in number in response 
to the binding of a specific extracellular inducer molecule, to 
the extracellular inducer-responsive clustering domain 
(ECD) of the CEPR. These ECDS include but are not limited 
to the following types of clustering domains: a cell surface 60 
or membrane associated molecule (eg, CD4, CD8, etc.), a 
secreted targeting molecule (eg., Interleukin-14 (IL-14), 
etc.), a cell surface/secreted targeting molecule (eg, antibody 
(Ab), single-chain antibody (SAb), antibody fragments, 
etc.), a cell adhesion molecule (e.g., ICAM, LFA-1, etc.), or 65 
portions or modification thereof. In each instance, the extra- 
cellular inducer molecules bind to the extracellular domains 



of the CEPR which results in the dimerization or oligomer- 
ization of the extracellular inducer responsive domains and 
hence, the dimerization or oligomerization (i.e. "clustering") 
of the proliferation signaling domains results in the trans- 
duction of a signal for cell growth. 

If the chimeric extracellular inducer-responsive prolifera- 
tion receptor (CEPR) of the present invention is expressed in 
host cells already expressing the chimeric effector function 
receptor of U.S. PaL No. 5,359,046 described hereinabove 
(for example, CD4/zeta chimeric receptor), and binds to the 
same inducer as the CEPR, eg. CD4, then these dual 
chimeric receptor expressing cells will proliferate upon 
addition of the same inducer that drives effector function, eg. 
cytotoxicity. Alternatively, the inducer that binds to the 
extracellular binding domain of the chimeric effector func- 
tion receptor may differ from the inducer molecule that binds 
to the ECD of the CEPR. In this case, one may separate cell 
growth (proliferation) from effector function in the same cell- 
by stimulating with different inducer molecules. 

In another aspect of the present invention, a novel chi- 
meric proliferation receptor containing the proliferation sig- 
naling domain and effector function signaling domain 
together in the same protein receptor is provided. In this 
embodiment, the chimeric receptor comprises the three 
domains contained in the CEPR and additionally comprises 
an effector function signaling domain. Thus, the extracellu- 
lar inducer responsive clustering domain (ECD) of the 
CEPR is linked via a transmembrane domain to two signal 
transducing domains. One signal transducing domain medi- 
ates the effector function signal while the other signal 
transducing domain mediates the proliferation signal, (for 
example, CD4-£-JAKl). Either the proliferation signaling 
domain or the effector function signaling domain may be 
linked to the transmembrane domain and is further linked on 
its 3' end to the second signaling domain either directly or 
through a linker region. Optionally, more than one PSD may 
be attached directly, or through a linker, to each other to 
form a CEPR with multiple PSDs (FIG. 1(b) and (c)). It is 
contemplated that the preparation of this novel chimeric 
proliferation/effector function chimeric receptor will acti- 
vate proliferation and effector function simultaneously in a 
host cell upon the binding of extracellular inducer molecules 
to the ECD of the receptor. 

In another embodiment, the present invention relates to a 
second general category of chimeric proliferation receptors 
called "chimeric intracellular inducer-responsive prolifera- 
tion receptors" or "CIPRs". Cells constructed to express 
CIPRs proliferate in response to a specific ligand, called an 
intracellular inducer molecule. This proliferation receptor 
contains at least two domains: (1) an intracellular inducer- 
responsive clustering domain (ICD) which serves to bind to 
a ligand called an intracellular inducer molecule, and (2) a 
proliferation signaling domain (PSD) that signals the cell to 
divide (as an example, FKBP-JAK1). The two domains 
comprising a CIPR may be constructed such that either the 
ICD or the PSD is at the N-terminus of the CIPR. A linker 
region such as linker 212 (Betzyk et al., /. Biol Chem. 
265:18615-18620 (1990)) may also be inserted between the 
two domains that comprise CIPRs. Each inducer molecule 
binds two or more ICDs, causing them to dimerize or 
oligomerize (i.e. cluster together). This clustering of the 
ICDs causes the proliferation signaling domains to become 
activated. A transmembrane domain is not required but may : 
be used in the construction of these novel intracellular 
proliferation receptors. Optionally, a myristylation-targeting 
domain may be linked to the N-terminus of the ICD or the 
PSD to allow for membrane association (Cross et al., Mol 
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Cell. BioL, 4:1834-1842 (1984), Spencer, et al, Science 
262:1019-1024 (1993)). An additional option may be to 
construct a CIPR with more than one PSD attached directly, 
or through a linker, to each other (FIG. 1(d) and (e). CIPRs 
may be used in any host cell type for which there is a desire 
for regulated expansion of a therapeutic cell such as in 
transplantation therapy, as described infra. 

The host cells bearing CIPRs of the present invention will 
expand in number upon binding of an intracellular inducer 
molecule to the intracellular inducer-responsive clustering 
domain (ICD) of the CIPR. These inducer molecules include 
but are not limited to the following ligands: natural or 
synthetic ligands that bind to and induce the clustering of an 
intracellular inducer responsive domain such as immuno- 
philins (e.g., FKBP), cyclophilins, and steroid receptors. 

Hie CIPRs of the present invention may also be expressed 
in host cells previously engineered with the chimeric effec- 
tor function receptor described hereinabove. Upon addition 
of an extracellular inducer molecule and an intracellular 
inducer molecule, these cells will activate the effector func- 
tion (provided by signaling through the chimeric effector 
function receptor) and divide (provided by signaling through 
the CIPR). Alternatively, the inducer that binds to the 
extracellular binding domain of the chimeric effector func- 
tion receptor may be the same inducer as the one that binds 
to the ICD of the CIPR if the inducer is a intracellular 
inducer molecule which can be delivered to the cytoplasm of 
the host cell. In this situation, cell growth and effector 
function would be activated simultaneously in the same cell 
upon presentation of the intracellular inducer molecule. 

In another aspect of the present invention, a novel chi- 
meric protein receptor containing a proliferation signaling 
domain and effector signaling domain is provided together 
in the same intracellular inducer-responsive receptor (FIG. 
1(f) through (£)). In this embodiment, a hybrid receptor is 
constructed as one protein comprising the two domains 
described in the CIPR of the present invention, and addi- 
tionally comprising an effector function signaling domain 
(EFSD). Thus, the intracellular inducer responsive cluster- 
ing domain (ICD) is directly connected to the proliferation 
signaling domain (PSD) which in turn is directly attached to 
an effector function signaling domain (FIG. 1(f)). 
Alternatively, the ICD may be directly connected to an 
effector function signaling domain which in turn is directly 



10 



15 



20 



25 



30 



35 



40 



cellular inducer-responsive clustering domain (ECD), an 
intracellular inducer-responsive clustering domain 0CD), 
and a proliferation signaling domain (PSD) is provided 
together in the same receptor protein. In this embodiment, a,, 
hybrid inducer binding receptor is constructed as one protein 
comprising in the N-terminal to C-terminal direction an 
ECD, transmembrane domain, an ICD and a proliferation 
signaling domain (FIG. 1(1)). Alternatively, a hybrid inducer 
binding receptor is constructed as one protein comprising in 
the N-terminal to C-terminal direction an ECD, transmem- 
brane domain, PSD and an ICD (FIG. l(m)). In preparing the 
hybrid inducer binding receptors of the present embodiment, 
one may separate one or more domains of each receptor with 
a linker. Additionally, more than one ICD and PSD may be 
attached directly or via a linker to each other to form 
multiple ICDs and PSDs. Upon introduction of these novel 
hybrid inducer-binding chimeric proliferation receptors into 
a host cell, one may modulate proliferation of the cell by 
either an extracellular inducer, an intracellular inducer or a 
combination of these two different inducer molecules. 

In still another embodiment, the present invention pro- 
vides a chimeric proliferation receptor described above 
containing an ECD, TM, ICD and PSD (N- to C-terminal) 
that additionally contains an effector function signaling 
domain (EFSD) attached at the N-terminal (FIG. 1(d)) or 
C-terminal (FIG. l(n)) end of the PSD. Multiple ECDs, 
ICDs and/or PSDs may be used in the construction of the 
above receptors. Additional embodiments of hybrid CPRs 
containing one or more ICD(s) and ECD(s) and one or more 
PSD(s) and one EFSD are contemplated that comprise the 
following four conformations (N- to C-terminus): ECD(s), 
TM, PSD(s), EFSD and ICD(s) (FIG. l(p)); ECD, TM, 
EFSD, PSD and ICD (FIG. l(q)); ECD(s), TM, PSD(s), 
ICD(s) and EFSD (FIG. l(r)); and ECD(s), TM, EFSD, 
ICD(s) and PSD(s) (FIG. 1(5)). Upon expression of these 
novel proliferation/effector receptors in a host cell, one may 
modulate proliferation and effector signaling by adding 
either an extracellular inducer, an intracellular inducer or a 
combination of these two different inducer molecules. 

The proliferation signaling domains (PSDs) that comprise 
the chimeric proliferation receptors (CPRs) of the present 
invention (both CIPRs and CEPRs) may be obtained from 
the cytoplasmic signal-transducing domains of the cytokine/ 
hematopoietic receptor superfamily. The members of this 
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connected to a proliferation signaling domain (FIG. 1(g)). In 45 mammalian receptor superfamily can transduce proliferative 
L c ' * ' * " signals in a wide variety of cell types. These receptors are 

structurally related to each other. The cytoplasmic domains 
of the signal-transducing subunits may contain conserved 
motifs that are critical for transduction of proliferative 
signals (Bazan, Current Biology, 3:603-606 (1993); Boulay 
and Paul, Current Biology, 3:573-581 (1993); Wells, Cur- 
rent Opinion in Cell Biology, 6:163-173 (1994); Sato and 
Miyajima, Current Opinion in Cell Biology, 6:174-179 
(1994); Stahl and Yancopoulos, Cell, 74:587-590 (1993); 
Minami et al., Ann. Rev. Immunol., 11:245-267 (1993); 
Kishimoto et al., Cell, 76:253-262 (1994)). In contrast to the 
growth factor receptors previously described in chimeric 
receptors (Schlessinger and Ullrich , Cell, 61:203-212 
(1990), Ullrich and Schlessinger, Neuron, 9:383-391 (1992) 
60 ), the cytoplasmic portions of the cytokine receptor super- 
family proteins that comprise the PSDs employed in the 
present invention do not contain any kinase domains or other 
sequences with recognizable catalytic function. Further, 
although the growth factor receptors described by Ullrich 
and the cytokine receptors employed in the present invention 
both dimerize upon binding of inducer, the dimerized 
growth factor receptors activate their intrinsic receptor 



yet another conformation of the present embodiment, either 
the EFSD or the PSD may be associated with the membrane 
via a myristylation domain or a TM domain, for example. 
The EFSD or the PSD is attached at its C terminus to a PSD 
or EFSD, respectively, which in rum is attached at its C 
terminus to one or more ICDs (FIG. 1(h) and (t)). In 
addition, CIPR proliferation/effector function receptors may 
be constructed by linking together the following domains (N 
to C terminal): a membrane-associated PSD or EFSD, 
followed by one or more ICDs, followed by the EFSD or 
PSD domain, respectively, (FIG. 10) and (k)). It is also 
possible to separate one or more domains from each other in 
the hybrid proliferation/effector receptors of the present 
embodiments with a linker region such as linker 205 (Gruber 
et al,/. TmmunoL, 152:5368-5374 (1994)). Upon introduc- 
tion of these novJ hybrid chimeric proliferation/) effector 
function receptors into cells, one may modulate the signal- 
ing of a proliferative response and effector functional 
response by the addition of one or more intracellular inducer 
molecules. 

In yet another aspect of the present invention, a novel 
hybrid chimeric proliferation receptor containing an extra- 



65 



5,837,544 



10 



kinase activity, while the dimerized cytokine receptors 
employed in the present invention stimulate the activity of 
associated tyrosine kinases (Kishimoto et al., Cell, 
76:253-262 (1994)). The signal-transducing components of 
the cytokine receptors to be used in the PSDs of the present 
invention include, but are not limited to, Interleukin-2 
receptor p (IL-2Rp), IL-2R Y , IL-3Rp, IL-4R, IL-5Ra, 
IL-5RP, IL-6R, IL-6R gpl30, IL-7R, IL-9R, IL-12R, 
IL-13R, IL-15R, EPO-R (erythropoietin receptor), G-CSFR 
(granulocyte colony stimulating factor receptor), 
GM-CSFRa (granulocyte macrophage colony stimulating 
factor receptor a), GM-CSFRp, UFRa (leukemia inhibitory 
factor receptor a), GHR (growth hormone receptor), PRLR 
(prolactin receptor), CNTFR (ciliary neurotrophic factor 
receptor), OSMR (oncostatin M receptor) IFNRa/p 
(interferon a/0 receptor), IFNRv, TFR (tissue factor 
receptor),and TPOR (thrombopoietin or mpl-ligand 
receptor)(Minami et al., J. Immunol., 152:5680-5690 
(1994); Boulay and Paul, Current Biology, 3:573-581 

(1993) ; Wells, Current Opinion in Cell Biology, 6:163-173 

(1994) ). 

The IL-2, IL-3 and 11^6 subfamilies of the above cytokine 
receptor superfamily, which are active in many different cell 
types, may supply the PSDs of the CPRs of the present 
invention. The IL-2 receptor subfamily includes, but is not 
to be limited to, the receptors for IL^2, IL-4, IL-7, IL-9, 
IH3 and IL-15. IL-2R, IL-4R, IL-7R, Il^9R, IL-13R and 
I1^15R share IL^2Ry, one of the signal transducing compo- 
nents of the IL-2R (Noguchi et al., Science, 262:1877-1880 

(1993) ; Russel et al., Science, 262:1880-1884 (1993); 
Minami et al.,/. Immunol., 152:5680-5690 (1994)). IL-2R 
and IL-15R share a second transducing component, IL-2Rp 
(Giri et b1.,EMBO J., 13:2822-2830 (1994)). These cytok- 
ines act on a wide variety of cell types, for example, B cells, 
T cells including LAK cells and thymocytes, NK cells, and 
oligodendroglial cells (Kishimoto et al., Cell, 76:253-262 

(1994) ). In addition, high affinity receptors to IL-15 are 
found on myeloid cells, vascular endothelial cells, and on 
stromal cells types from bone marrow, fetal liver and thymic 
epithelium (Giri et al., EMBO J., 13:2822-2830 (1994)). 
The IL-3 receptor subfamily includes, but is not limited to, 
the receptors for IL-3, IL-5 and GM-CSF (Sato and 
Miyajima, Current Opinion in Cell Bioloay, 6:174-179 
(1994)). These cytokine receptors contain a common signal- 
transducing, or p chain which has a large cytoplasmic 
domain whose membrane proximal region is critical for 
c-myc induction and proliferative signaling activity (Quelle 
et aL, Mol Cell BioL, 14:4335-4341 (1994)). This family of 
cytokines act on overlapping cell types during hematopoie- 
sis including blast cells, granulocytes, macrophages, mono- 
cytes and eosinophils (Kishimoto et al., Cell, 76:253-262 
(1994)). The IL-6 receptor subfamily includes, but is not 
limited to, the receptors for IL-6, CNTF, UF, OSM, IL-11, 
G-CSFR and IH2. IL-6R, CNTFR, LIFR and OSMR have 
a common signal-transducing chain (gpl30) with a cyto- 
plasmic domain whose membrane proximal region is critical 
for signaling activity (Sato and Miyajima, Current Opinion 
in Cell Biology, 6:174-179 (1994), Narazaki et al., Proc. 
Natl Acad. Sci., 91:2285-2289 (1994)). These cytokines act 
on a wide variety of cell types, including ciliary, 
sympathetic, sensory and motor neurons, embryonic stem 
cells, control of the differentiation of B cells, 
plasmacytomas, megakaryocytes, myeloid cells, osteoclasts, 
and hepatocytes (Kishimoto et al., Cell, 76:253-262 (1994)). 
Other members of the cytokine receptor superfamily which 
may be a part of the above subfamilies, or may be members 
of novel subfamilies include the receptors for EPO, TPO, 
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GH and PRL, which are also found on many cell types 
(Wells, Current Opinion in CellBiology, 6:163-173 (1994), 
Stahl and Yancopoulos, Cell, 74:587-590 (1993)). The more 
distantly related IFNa/p and IFN7 receptors, found in most 
cell types also contain cytoplasmic domains of related 
structure (Farrar and Schreiber, Annu. Rev. Immunol., 
11:571-611 (1993), Taga and Kishimoto, FASEB J., 
6:3387-3396 (1992)). 

The proliferation signaling domains employed in con- 
structing the CPRs of the present invention may also be 
obtained from any member of the Janus or JAK eukaryotic 
family of tyrosine kinases, including Tyk2, JAK1, JAK2, 
JAK3 and Ptk-2. Members of the Janus kinase family tre 
found in all cell types. They associate with various signal 
transducing components of the cytokine receptor superfam- 
ily discussed above and respond to the binding of extracel- 
lular inducer by the phosphorylation of tyrosines on cyto- 
plasmic substrates (Stahl and Yancopoulos, Cell, 
74:587-590 (1993)). They are thus an integral part of the 
20 control of cell proliferation in many different kinds of cells. 
Hie members of this family are marked by similar multi- 
domain structures and a high degree of sequence conserva- 
tion. Unique among tyrosine kinases, the Janus kinase 
family may have two non-identical tandem kinase-like 
domains, only one of which may have catalytic activity 
(Firmbach-Kraft et al., Oncopene, 5:1329-1336 (1990); 
Wilks et H., Mol Cell. Biol, 11:2057-2065 (1991); Harpur 
et al., Oncogene, 7:1347-1353 (1992)). The Janus kinases 
used in the present invention, unlike the sre kinases, do not 
have sre homology sequences (SH2, SH3) or a consensus 
sequence for myristylation. Unlike the receptor tyrosine 
kinases (RTK), the Janus kinases are not membrane proteins 
and do not contain transmembrane spanning 'domains 
(Ullrich and Schlessinger, Neuron, 9:383-391 (1992)). The 
kinase activity of the Janus kinases is usually activated after 
the binding of inducers to their associated cytokine family 
receptors and the oligomerization of the receptors (Stahl and 
Yancopoulos, Cell, 74:587-590 (1993)). This activation, in ; 
turn, triggers the initiation of intracellular signaling cas- 
cades. 

JAK3 can be employed as a PSD in any of the CPRs of 
the present invention. Its activation by IL-2 parallels c-myc 
induction and the onset of DNA synthesis. JAK3 is involved 
with IL-2, IL-4 and IL-7 induced stimulation of T, NK and 
myeloid cells (Witthuhn et al., Nature, 370:153-157 (1994); 
Russell et al., Science, 366:1042-1044 (1994); Kawamura et 
al., Proc. Natl. Acad. Sci., 91:6374-6378 (1994); Miyazaki 
et al., Science, 266:1045-1047 (1994); Johnston et al., 
Nature, 370:151-153 (1994); Asao et al., FEBS Letters, 
351:201-206 (1994), Zeng et al., FEBS Letters, 
353:289-293 (1994)). JAK2, a component of growth factor 
signaling in a wider variety of cells, can also be used in the 
CPRs of the present invention. It is activated by EPO, GH, 
prolactin, IL-3, GM-CSF, G-CSF, IFNy, UF, OSM, IL-12 
and 11^6 (Watling et al., Nature, 366:166-170 (1993); 
Witthuhn et al., Cell, 74:227-236 (1993); Argetsinger et al., 
Cell, 74:237-244 (1993); Stahl et al., Science, 263:92-95 
(1994); Narazaki et al., Proc. Natl. Acad. Sci., 
91:2285-2289(1994); Quelle et al., Mol Cell Biol, 
14:4335-4341 (1994); Silvennoinen et aL, Nature, 
366:583-585 (1993); Darnell et al, Science, 264:1415-1421 
(1994)Campbell et al, Proc. Natl Acad Sci., 91:5232-5236 
(1994), Bacon et al, J. Exp. Med., 181:399-^04 (1995); 
(Harpur Oncogene 7: 1347-1353, 1992)). The present 
invention also contemplates the use of JAK1 as a PSD in the 
present invention. Its activity is also promiscuous, being an 
integral part of. IFNR-a, IFNR-7, IL-2RP, IL-6R and 
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CNTFR signaling (Muller et al., Nature, 366:129-135 The full-length IgG heavy chain comprising the VH, 

(1993) ; Silvennoinen et al., Nature, 366:583-585 (1993); CHI, binge, and the CH2 and CH3 (Fc) Ig domains is fused 
Stahl et al., Science, 263:92-95 (1994), Tanaka et al., Proc. to the proliferation signaling domain (PSD) via the appro- 
NatL Acad. Sci., 91:7271-7275 (1994)). Tyk2, which may pr iate transmembrane domain. If the VH domain alone is 
also be employed as a PSD, is involved with IFN-a, IL-6, 5 sufficient to confer antigen-specificity (so-called "single- 
7n S , lgD g - <W**T™ Ct CelU domain antibodies"), homodimer formation of the Ig-PSD 

66^1 RsSz:^5S < 0 to r\^ 

(1994) ; Colamonici et al., /. Biol. Chem., 269:3518-3522 *° bmdmg SltCS ; If both ™ <* omaiD and the VL 
(1994); Darnell et al., Science, 264:1415-1421 (1994), in *° mam ™ £ ^rf i * ^iTlu^ 
Bacon et al.,7. Exp. Med., 181:399-404 (1995)) and is found 10 ^ dm S Slte > mo , eculc and ^-length 
in both hematopoietic and non-hematopoietic tissues ^ cham are introduced into cells to generate an active 
(Firmbach-Kraft et al., Oncogene 5: 1329-1336, 1990). In antigen-binding site. Dimer formation resulting from the 
addition to the Janus kinases described above, a new JAK intermolecular Fc/hinge disulfide bonds results in the assem- 
kinase Ptk-2 has recently been described in embryonic blv of !g-PSD receptors with extracellular domains resem- 
hippocampal neurons (Sanchez et al. Proc. Natl. Acad Sci. t 15 ^5 mose °£ !g G antibodies. Derivatives of this Ig-PSD 
91:1819-1823 (1994), and can be used to form the prolif- chimeric receptor include those in which only portions of the 
eration signaling domain of any of the chimeric proliferation heavy chain are employed in the fusion. For example, the 
receptor proteins of the present invention. VH domain (and the CHI domain) of the heavy chain can be 

One may introduce the CPR into cells where the PSD retained in the extracellular domain of the Ig-PSD chimera 
being used is not naturally found in those cells or is part of 20 (VH-PSD), but VH-PSD dimers are not formed. As above, 

a pathway which is ordinarily not active in those cells. This the full-length IgL chain can be introduced into cells to 

unnatural expression of a particular Janus kinase or cytokine generate an active antigen-binding site, 

receptor subunit may have added utility. For example, if the As indicated, the ECD may consist of an Ig heavy chain 

PSDs are more active in this unnatural location, they may be w hich may in turn be covalently associated with Ig light 

more efficient ^ stimulators of proliferation. .Alternatively, if ^ chain b virtue of ^ ce of me ^ re ^ Qr 

to PSDs are less active in the ; unnatural location they may become co^^y associated with other Ig heavy/light 

be less likely to be constitutively active and thus more < • ^ , _ . , . . ^ 1T ~ , 

responsive to an inducer. C *™? m V l&xcs ** the pr^nce of mnge CH2and 

The transmembrane domain may be contributed by the P 13 *L mam * ^J"!? ^S^k"? 

protein contributing the proliferation signaling portion, the SPfcificite. thus creating a CPR which binds 

protein contributing the extracellular inducer clustering 30 ^*f™* anti e eE f- Depending on the function of the 

domain, or by a totally different protein. For the most part it antibody, the desired structure and the signal transduction, 

will be convenient to have the transmembrane domain me entire cnam ma y be or a truncated chain may be 

naturally associated with one or the other of the other used > where aU or a P art of the CH1 > CH 2 * or CH3 domains 

domains. In some cases it will be desirable to employ the mav De removed or all or part of the hinge region may be 

transmembrane domain of the r\ or FoeRly chains or 35 removed. 

related proteins which contain a cysteine residue capable of Because association of both the heavy and light V- 

disulfide bonding, so that the resulting chimeric protein will domains are required to generate a functional antigen bind- 

be able to form disulfide linked dimers with itself, or with ing site of high affinity, in order to generate a Ig chimeric 

unmodified versions of the r\ or FceRly chains or related receptor with the potential to bind antigen, a total of two 

proteins. In some instances, the transmembrane domain will 40 molecules will typically need to be introduced into the host 

be selected or modified by amino acid substitution to avoid cell Therefore, an alternative and preferred strategy is to 

binding of such domains to the transmembrane domains of introduce a single molecule bearing a functional antigen 

the same or different surface membrane proteins to minimize binding site. This avoids the technical difficulties that may 

interactions with other members of the receptor complex. In attend the introduction and coordinated expression of more 

other cases it will be desirable to employ the transmembrane 45 than one gene construct into host cells. This "single-chain 

domain of tj, FceRly and -0, MB1 (Ig a), B29 (IgP), antibody" (SAb) is created by fusing together the variable 

Bovine Leukemia Virus gp30 (BLV gp30), or CD3-v, 6, or domains of the heavy and light chains using an oligo- or 

e, in order to retain physical association with other members polypeptide linker, thereby reconstituting an antigen binding 

of the receptor complex. site on a single molecule. 

The CPRs of the present invention may be designed so as so Single-chain antibody variable fragments (SAbFv) in 

to avoid interaction with other surface membrane proteins which the C-terminus of one variable domain (VH or VL) is 

native to the target host. In order to achieve this, one may tethered to the N-terminus of the other (VL or VH, 

select for a transmembrane domain which is known not to respectively), via a oligo- or polypeptide linker, have been 

bind to other transmembrane domains, or one may modify developed without significantly disrupting antigen binding 

specific amino acids, e.g. substitute for a cysteine, or the 55 or specificity of the binding (Bedzyk et al. (1990) J. Biol 

like. Chem., 265:18615; Chaudhary et al. (1990) Proc. Natl. 

The extracellular inducer- responsive clustering domain Acad. Scj\, 87:9491). The SAbFvs used in the present 

(ECD) may be obtained from any of the wide variety of invention may be of two types depending on the relative 

extracellular domains of eukaryotic transmembrane order of the VH and VL domains: VH-l-VL or VL-l-VH 

proteins, secreted proteins or other proteins associated with 60 (where "1" represents the linker). These SAbFvs lack the 

ligand binding and/or signal transduction. The ECD may be constant regions (Fc) present in the heavy and light chains 

part of a protein which is monomelic, homodimeric, of the native antibody. In another aspect of the present 

heterodimeric, or associated with a larger number of proteins invention, the SAbFv fragment may be fused to. all or a 

in a non-covalent or disulfide-bonded complex. portion of the constant domains of the heavy chain, and the 

In particular, the ECDs may consist of monomeric or 65 resulting ECD is joined to the PSD via an appropriate" 

dimeric immunoglobulin molecules, or portions or modifi- transmembrane domain that will permit expression in the 

cations thereof, which are prepared in the following manner. host cell. The resulting CPRs differ from the SAbFvs, 
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described above, in that upon binding of antigen they initiate where the entire extracellular region is not required, trun- 

signal transduction via their cytoplasmic domain. cated portions thereof may be employed, where such trun- 

To aid in the proper folding and efficient expression of the cated portion is functional. In particular, when the extracel- 

CPRs, the antibody-derived ECDs may be connected at their hilar region of CD4 is employed, one may use only those 

C-terminal end to one of a number of membrane hinge 5 sequences required for binding of gpl20, the HIV envelope 

regions which are a normal part of membrane-bound immu- glycoprotein. In the case in which Ig is used as the extra- 

noglobulin molecules. For example, the eighteen amino cellular region, one may simply use the antigen binding 

acids of the IGHG3 Ml exon may be used (Bensmana and regions of the antibody molecule and dispense with the 

Lefranc, Immunogenet., 32:321-330 (1990)). The TM constant regions of the molecule (for example, the Fc region 

domain is attached to the C- terminal end of the membrane 10 consisting of the CH2 and CH3 domains), 

hinge. It is also contemplated that membrane hinge In some instances, a few amino acids at the joining region 

sequences may be used to connect non-antibody derived of the natural protein domain may be deleted, usually not 

ECDs to the transmembrane domains to increase CPR more than 30, more usually not more than 20. Also, one may 

expression. wish to introduce a small number of amino acids at the 

Diabodies may also be used as ECDs in the present 15 borders, usually not more than 30, more usually not more 

invention. Diabodies contain two chimeric immunoglobulin than 20. The deletion or insertion of amino acids will usually 

chains, one of which comprises a VH domain connected to be as a result of the needs of the construction, providing for 

a VL domain on the same polypeptide chain (VH-VL). A convenient restriction sites, ease of manipulation, improve- 

linker that is too short to allow pairing of the VH and VL ment in levels of expression, proper folding of the molecule 

domains on this chain with each other is used so that the 20 or the like. In addition, one may wish to substitute one or 

domains will pair with the complementary VH and VL more amino acids with a different amino acid for similar 

domains on the other chimeric immunoglobulin chain to reasons, usually not substituting more than about five amino., 

create two antigen-binding sites (Holliger et al., Proc. Natl acids in any one domain. The PSD, ECD, EFSD and ICD 

Acad, Sci. 90:6444-6448 (1993)). As described above, one will generally be from about 50 to 1500 amino acids, 

of these chains is linked to the membrane hinge and/or the 25 depending upon the particular domain employed, while the 

TM domain, which in turn is linked to the PSD and/or ESD. transmembrane domain will generally have from about 20 to 

The other chain (not connected to a PSD) will be 35 amino acids. 

co-expressed in the same cell to create a CPR with a diabody Normally, the signal sequence at the 5' terminus of the 

ECD which will respond to two different extracellular open reading frame (ORF) which directs the chimeric pro- 

inducer molecules. 30 tein to the surface membrane will be the signal sequence of 

Various naturally occurring receptors may also be the ECD. However, in some instances, one may wish to 
employed as ECDs, where the receptors are surface mem- exchange this sequence for a different signal sequence, 
brane proteins, including cell differentiation antigens such as However, since the signal sequence will be removed from 
CD4 and CD8, cytokine or hormone receptors or cell the protein during processing, the particular signal sequence 
adhesion molecules. The receptor may be responsive to a 35 will normally not be critical to the subject invention, 
natural ligand, an antibody or fragment thereof, a synthetic Extracellular inducers of the present invention can be 
molecule, e.g., drug, or any other agent which is capable of antigens which bind the ECDs, described above. These may 
inducing a signal. In addition, either member of a inducer/ include viral proteins, (e.g. gpl20 and gp41 envelope pro- 
receptor pair, where one is expressed on a target cell such as teins of HIV, envelope proteins from the Hepatitis B and C 
a cancer cell, a virally infected cell or an autoimmune 40 viruses, the gB and other envelope glycoproteins of human 
disease causing cell, may also be used as an ECD in the cytomegalovirus, the envelope proteins from the Kaposi's 
present invention. In addition, the receptor-binding domains sarcoma-associated herpesvirus), and surface proteins found 
of soluble protein ligands or portions thereof could be on cancer cells in a specific or amplified fashion, (eg the 
employed as ECDs in the CPRs of the present invention. In IL-14 receptor, CD19 and CD20 for B cell lymphoma, the 
addition, for example, binding portions of antibodies, 45 Lewis Y and CEA antigens for a variety of carcinomas, the 
cytokines, hormones, or serum proteins can be used. In Tag72 antigen for breast and colorectal cancer, EGF-R for 
addition, the soluble components of the cytokine receptors lung cancer, and the HER-2 protein which is often amplified 
such as IL-6R, IL-4R, and I1^7R can be used (Boulay and in human breast and ovarian carcinomas). For other 
Paul Current Biology 3: 573-581, (1993)). receptors, the receptors and ligands of particular interest are 

"Hybrid" ECDs can also be used in the present invention. 50 CD4, where the ligand is the HIV gpl20 envelope 

For example, two or more antigen-binding domains from glycoprotein, and other viral receptors, for example ICAM, 

antibodies of different specificities, two or more different which is the receptor for the human rhinovirus, and the 

ligand-binding domains, or a combination of these domains related receptor molecule for poliovirus. 

can be connected to each other by oligo- or polypeptide The intracellular clustering domain (ICD) can be obtained 

linkers to create multispecific extracellular binding domains. 55 from the inducer binding domains of a variety of intracel- 

These ECDs can be used to create CPRs of the present hilar proteins. For example, eukaryotic steroid receptor 

invention which will respond to two or more different molecules can be used as ICDs (e.g. the receptors for 

extracellular inducer molecules. (See FIG. l(a)-(c) and estrogen, progesterone, androgens, glucocorticoids, thyroid 

(!H J ) that illustrate the above embodiment). hormone, vitamin D, retinoic acid, 9-cis retinoic acid and 

Where a receptor is a molecular complex of proteins, 60 ecdysoae). In addition, variants of steroid and other recep- 

where only one chain has the major role of binding to the tors which fail to bind their native inducer, but still bind to 

ligand, it will usually be desirable to use solely the extra- an antagonist, can be prepared by one skilled in the art and 

cellular portion of the ligand binding protein. Where the used to make the CPRs of this invention. For example, a 

extracellular portion may complex with other extracellular C-terminal deletion mutant of the human progesterone 

portions of other proteins or form covalent bonding through 65 receptor, which fails to bind progesterone, can be clustered 

disulfide linkages, one may also provide for the formation of by the addition of progesterone antagonists, including RU 

such dimeric or multimeric extracellular regions. Also, 486 (Wang et al., Proc Natl Acad Sci 91: 8180-8184, 1994). 
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Binding domains from the eukaryotic immunophilin family invention. A number of EFSDs or functional fragments or 

of molecules may also be used as ICDs. Examples include mutants thereof may be employed, generally ranging from 

but are not limited to members of the cyclophilin family: about 50 to 1500 amino acids each, where the entire natu- 

mammalian cyclophilin A, B and C, yeast cyclophilins 1 and rally occurring cytoplasmic region may be employed or only 

2, Drosophila cyclophilin analogs such as ninaA; and mem- 5 an active portion thereof. 

bers of the FKPB family: the various mammalian isoforms The CPRs of the present invention are employed in a wide 

of FKBP and the FKBP analog from Neurospora (Schreiber, variety of target host cells, normally cells from vertebrates, 

Science, 251:283-287 (1991), McKeon, Cell, 66:823-826, more particularly, mammals, desirably domestic animals or 

(1991), Friedman and Weissman, Cell, 66:799-806, (1991), primates, particularly humans. In particular, the subject 

Liu et al., Cell, 66:807-815 (1991)). For example, the 10 invention may also find application in the expansion of 

inducer binding portion of the immunophilin, FKBP12, lymphoid cells, e.g., T lymphocytes, B lymphocytes, cyto- 

which can be clustered in the cytoplasm by the addition of toxic lymphocytes (CTL), natural killer cells (NK), tumor- 

FK1012, a synthetic dimeric form of the immunosuppres- infiltrating-lymphocytes (TIL) or other cells which are 

sant FK506 (Spencer et al., Science 262: 1019-1024 (5 993) capable of killing target cells when activated. In addition, 

can be used as an ICD. 15 suitable host cells to introduce CPRs of the present invention 

The intracellular inducers of the present invention must be include hematopoietic stem cells, which develop into cyto- 

molecules which can be delivered to the cytoplasm. For toxic effector cells with both myeloid and lymphoid pheno- 

example, the inducer may be lipophilic, or be transported type including granulocytes, mast cells, basophils, 

into me cell by active transport or pinocytosis, by fusion macrophages, natural killer (NK) cells and T and B lym- 

with a liposome carrying the inducer, or by semi- 20 phocytes. In particular, diseased cells, such as cells infected 

permeabilization of the cell membrane. The intracellular with HIV, HTLV-I or II, cytomegalovirus, hepatitis B or C 

inducers cluster the ICDs which make up the CIPRs of the virus, Mycobacterium avium, etc., neoplastic cells, or 

present invention. Examples of inducers include, but are not autoimmune disease -causing cells where the diseased cells 

limited to synthetic dimeric molecules such as FK1012 have a surface marker associated with the diseased state may 

(Spencer et al., Science, 262:1019-1024 (1993)) or dimeric 25 be made specific targets of the cells expressing the CPRs of 

derivatives of the binding domains of other immunophilin the present invention. In the present invention, a cell may 

binding molecules such as cyclosporin, rapamycin and express dual CEFR and CPR receptors, which contain the 

506BD (Schreiber, Science, 251:283-287 (1991), McKeon, same extracellular binding domain (eg. CD4), or a cell may 

Cell, 66:823-826, (1991)). Steroids, such as estrogen, express a hybrid chimeric receptor combining both signaling 

progesterone, the androgens, glucocorticoids, thyroid 30 domains (EFSD and PSD). In each case, the binding of one 

hormone, vitamin D, retinoic acid, 9-cis retinoic acid or inducer to the extracellular binding domain will stimulate 

ecdysone, or antagonists or derivatives of these molecules cells to act as therapeutic agents at the same time they are 

may also be used as intracellular inducer molecules. In expanding in response to binding to inducer, e.g., gp!20 for 

particular the steroid antagonist RU 486 may be used (Wang HIV or cancer-specific antigens. 

et al., Proc. Natl Acad, Sci., 91:8180-8184 (1994)). 35 In a preferred embodiment, the present invention relates 

The effector function signaling domains (EFSDs) to the design of chimeric proliferation receptor (CPR) mol- 

employed in the present invention may be derived from a ecules which can endow T cells with the ability to proliferate 

protein which is known to activate various second messen- in an antigen-specific and IL-2 independent manner. AT cell 

ger pathways. One pathway of interest is that involving ordinarily requires as many as three distinct stimuli to 

phosphatidylinositol-specific phospholipase hydrolysis of 40 become fully activated and begin to proliferate. It must 

phosphatidylinositol-4,5-biphosphate, and production of receive two signals from the antigen presenting cell (APC). 

inositol-l,4,5-trisphosphate and diacylglycerol. The calcium The first of these signals occurs upon engagement of the T 

mediated pathway, the tyrosine and serine/threonine kinase cell antigen receptor with the peptide antigen-MHC com- 

and phosphatase pathway, the adenylate cyclase, and the plex. The second costimulatory signal is provided through 

guanylate cyclase pathways may also be second messenger 45 the interaction of the CD28 or CTLA4 proteins on the T cell 

pathways. EFSDs of interest include proteins with ARAM surface with either the B7-2 or B7 proteins, their counter- 

motifc (Reth, Nature, 338:383-384 (1989), Weiss, Cell, receptors on the APC (Clark and Ledbetter, Nature, 

73:209-212, (1993)), for example, the £ chain of the T-cell 367:425-428 (1994); Croft, Current Opinion in 

receptor, the v\ chain, which differs from the % chain only in Immunology, 6:431-437 (1994)). In addition to these two 

its most C-terminal exon as a result of alternative splicing of 50 signals provided during cell to cell contact between the T 

the £ mRNA, the y and (5 subunits of the FceRl receptor, the cell and APC, it is apparent that certain cytokines, for 

MB1 (Iga) and B29 (Igp) chains of the B cell receptor, the example IL-2, play an important role in initiating and 

BLV gp30 protein and the 6, y, and e chains of the T-cell sustaining ongoing proliferation of. activated T cells 

receptor (CD3 chains), other protein homologous to the (Taniguchi and Minami, Cell, 73:5-8 (1993)). The antigen 

above protein subunits including synthetic polypeptides 55 receptor-mediated signal (e.g., anti-CD3 MAb) and the 

with ARAM motifs, and such other cytoplasmic regions costimulatory signal (e.g., APC) play an important role in 

which are capable of transmitting a signal as a result of initiating and sustaining T cell proliferation, for example, by 

interacting with other proteins capable of binding to a inducing IL-2 receptors which will in turn make the T cell 

inducer (Romeo etal.,Ce//, 68:889-897 (1992); Weiss, Cell, responsive to autocrine or exogenous IL-2 stimulation. 

73:209-212(1993)). The syk family of tyrosine kinases may 60 Chimeric proliferation receptors for T cells can route an 

also be used as effector function signaling domains. The antigen signal directly through the IL-2 signaling apparatus, 

clustering of thes^ domains from Syk and ZAP- 70 leads to and bypass the need to engage the T cell receptor and 

the activation of T cell cytolytic activity (Kolanus et al., costimulatory receptor to elicit T cell proliferation, while" 

Cell, 74:171-183 (1993)). In addition, the src family of still maintaining antigen specificity. This chimeric receptor 

tyrosine kinases (Lck, Fyn, Lyn, etc.(Rudd et al., Immunol- 65 will link an ECD which is an antigen binding moiety such 

ogy Today, 15:225-234 (1994)) and molecules involved in T as an antibody or a viral receptor (e.g., CD4, the receptor for 

cell transduction may be used as EFSDs in the present HTV) to a proliferation signaling domain which is a com- 
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ponent of the IL-2R. One embodiment of the CPR invention In yet another preferred embodiment, the present inven- 

would be to use one of the subumts of the IL-2 receptor tion relates to engineered T cells expressing CPRs which 

(IL-2R) as a proliferation signaling domain. Specifically, the already contain a chimeric effector function receptors. These 

P and y chains of the IL-2R may be utilized as PSDs in the dual chimera receptor-expressing T cells respond to specific 

present invention. Alternatively, the CPRs may incorporate 5 antigen by activating cytolytic or helper effector function, 

both of all or part of the transducing domains of the 1L-2RP and may respond to the same or a different antigen by 

and y, which are connected through the use of an appropriate proliferating as well. It is thus desirable to engineer a T cell 

polypeptide linker sequence, in a single chimeric receptor. In so that it can become activated to proliferate at the disease 

a further embodiment, the CPR containing the IL-2R0 PSD site, as well as to kill its target, in a manner dependent only 

or the IL-2Ry PSD alone is complemented with the native upon the presence of the appropriate antigen-expressing cell, 

form of IL-2R y or IL-2RJ3 subunit respectively, which is In this preferred embodiment, the two chimeric receptors are 

provided by transduction. It is further contemplated that the provided to the cell as separate molecules. As an example, 

signal transducing domains of the cytokine receptor super- chimeric proliferation receptors which contain an ECD 

family described above may function as the PSDs in the which recognizes HIV antigens are introduced into cytotoxic 

CPRs in T cells of the present invention. In a further T cells expressing a chimeric effector function receptor 

embodiment, chimeric proliferation receptors may incorpo- 15 which contains an ECD which recognizes the same or 

rate more than one signaling domain chosen from the different HIV antigens. This will allow both the proliferation 

cytokine receptor family, which may be connected through of and cytotoxic actions of the engineered cells upon contact 

an appropriate oligo- or polypeptide linker sequence in a with HIV infected cells, even in the absence of IL-2. 

single chimeric receptor. The chimeric construct, which encodes the chimeric pro- 

In another preferred embodiment, the present invention 20 tein according to this invention will be prepared in conven- 

relates to the use of chimeric proliferation receptors to tional ways. Since, for the most part, natural sequences may 

induce the proliferation of T cells, where the proliferation be employed, the natural genes may be isolated and 

signaling domains are comprised of one or more of the manipulated, as appropriate, so as to allow for the proper 

family of Janus kinases, i.e., JAK1, JAK2, JAK3, Tyk2 and joining of the various domains. Thus, one may prepare the 

Ptk-2. In the most preferred embodiment, either JAK1 or 25 truncated portion of the sequence by employing the poly- 

JAK3 alone or together may be employed as the PSD(s) merase chain reaction (PCR), using appropriate primers 

since they play a critical role in IL-2 induced proliferation of which result in deletion of the undesired portions of the 

T cells: The kinase activity of both JAK1 and JAK3 gene. Alternatively, one may use primer repair, where the 

becomes stimulated after IL-2 binding to the IL2R. JAK1 sequence of interest may be cloned in an appropriate host. In 

and JAK3 are associated with the membrane proximal 30 either case, primers may be employed which result in 

regions of the IL-2RfS and y chains, respectively, which are termini, which allow for annealing of the sequences to result 

integral to the transmission of proliferative stimuli (Asao et in the desired open reading frame encoding the chimeric 

al., FEBS Letters, 351:201-206 (1994); Johnston et aL, protein. Thus, the sequences may be selected to provide for 

Nature, 370:151-153 (1994); Miyazaki et al., Science, restriction sites which are blunt-ended, or have complemen- 

266:1045-1047 (1994); Russell et al., Science, 35 tary overlaps. 

366:1042-1044 (1994); Witthuhn et al., Nature, If desired, the extracellular domain may also include the 

370: 153-157 (1994)). However, as discussed above, a Janus transcriptional initiation region, which will allow for expres- 

kinase or cytokine receptor family subunit which is not sion in the target host. Alternatively, one may wish to 

naturally found or used in a given cell may be of particular provide for a different transcriptional initiation region, 

utility as a PSD, in that such a molecule may either have 40 which may allow for constitutive or inducible expression, 

greater kinase activity and thus be more efficient at promot- depending upon the target host, the purpose for the intro- 

ing cell growth, or it may have less constitutive activity and duction of the subject chimeric protein into such host, the 

thus be more readily modulated by clustering. level of expression desired, the nature of the target host, and 

In yet another preferred embodiment, the present inven- the like. Thus, one may provide for expression upon differ- 

tion relates to T cells containing single chimeric polypeptide 45 entiation or maturation of the target host, activation of the 

receptors that drive both proliferation and effector function target host, or the like. 

through the same inducer molecule. Thus, the extracellular A wide variety of promoters have been described in the 

induce r-responsive clustering domain is linked via a trans- literature, which are constitutive or inducible, where induc- 

membrane domain to two signal transducing domains in tion may be associated with a specific cell type or a specific 

tandem. One signal transducing domain contains the prolif- 50 level of expression. Alternatively, a number of viral promot- 

eration signal (as described above) while the other signal ers are known which may also find use. Promoters of interest 

transducing domain contains an effector function signal. In include the {3-actin promoter, SV40 early and late promoters,-, 

a particularly preferred embodiment, the effector signaling immunoglobulin promoter, human cytomegalovirus 

domain from a member of the Syk tyrosine kinase family promoter, and the Friend spleen focus-forming virus pro- 

which activates cytolysis, Syk or ZAP-70, is in a chimeric 55 moter. The promoters may or may not be associated with 

receptor with a proliferation signaling domain from a Janus enhancers, where the enhancers may be naturally associated 

kinase, JAK1, JAK2, JAK3, Tyk2 or Ptk-2. with the particular promoter or associated with a different 

In another particularly preferred embodiment, the effector promoter, 

function signaling domain from tj, the FceRl-p and -y The sequence of the open reading frame may be obtained 

chains, MB1 (Iga) and B29 (Igp), BLV gp30, or the CD3y, 60 from genomic DNA, cDNA, or be synthesized, or combi- 

6 and e chains, which also activates cytolysis, is in a nations thereof. Depending upon the size of the genomic 

chimeric receptor with a proliferation signaling domain from DNA and the number of introns, one may wish to use cDNA 

a Janus kinase, JAK1, JAK2, JAK3, Tyk2 or Ptk-2 or a or a combination thereof. In many instances, it is found that 

cytokine receptor subunit. These hybrid receptors are con- introns stabilize the mRNA. Also, one may provide for 

templated to induce not only antigen-specific proliferation, 65 non-coding regions which stabilize the mRNA. 

but the activation of antigen-specific cytotoxic or helper A termination region will be provided 3* to the cytoplas- 

effector function activity as well. mic domain, where the termination region may be naturally 
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associated with the cytoplasmic domain or may be derived As described previously in the specific embodiments, the 

from a different source. For the most part, the termination subject CPRs may be used to direct the proliferation of 

regions are not critical and a wide variety of termination immune cells with effector function. The CPRs may be 

regions may be employed without adversely affecting introduced into cells that already contain a chimeric receptor 

expression. 5 construct that stimulates effector function upon contact with 

The various manipulations may be carried out in vitro or a target inducer. The two chimeric constructs may respond 

may be introduced into vectors for cloning in an appropriate to the same or different inducers. Alternatively, a hybrid 

host, e.g., E. coll. Thus, after each manipulation, the result- CPR may be used which contains both a proliferation 

ing construct from joining of the DNA sequences may be signaling domain and an effector function signaling domain, 

cloned into an expression vector. The sequence may be io These cells would respond to a single target inducer by 

screened by restriction analysis, sequencing, or the like to proliferating and by expressing effector function. Thus, 

insure that it encodes the desired chimeric protein. these lymphocytes can be activated by any group of cells 

The chimeric construct may be introduced into the target which contain specific membrane proteins or antigens which 
cell in any convenient manner Techniques include calcium may be distinguished from the membrane proteins or anti- 
phosphate or DEAE-dextran mediated DNA transfection, is gens on normal cells. For example, neoplastic cells, virus- 
electroporation, protoplast fusion, liposome fusion, biolis- infected cells, parasiteinfected cells, or any other diseased 
tics using DNA-coated particles, and infection, where the cells would be targets for CEPR-containing lymphocytes, 
chimeric construct is introduced into an appropriate virus Among the lymphocytes which can be used to treat 
(eg retrovirus, adenovirus, adeno-associated virus, Herpes human disease are cytotoxic CD8+ T cells (CTLs) which 
virus, Sindbis virus, papilloma virus), particularly a non- 20 have been engineered with CEPRs containing ECDs which 
replicative form of the virus, or the like. In addition, direct recognize specific antigens and can be used to kill infected 
injection of naked DNA or protein- or lipid-complexed DNA cells in a variety of viral, and parasitic diseases, where the 
may also be used to introduce DNA into cells. infected cells express the antigens from the pathogen. In 

Once the target host has been transformed, integration particular, CEPR-CTLs would be particularly effective, 

will usually result. However, by appropriate choice of 25 against viral diseases where transplanted autologous CTLs 

vectors, one may provide for episomal maintenance. A large have shown some efficacy, such as CMV (Reusser et al, 

number of vectors are known which are based on viruses, Blood, 78:1373-1380 (1991), Riddell et al., Science, 

where the copy number of the virus maintained in the cell is 257:238-241 (1992)) or where explanted and expanded 

low enough to maintain the viability of the cell. Illustrative CTLs continued to have cytolytic activity against virally 

vectors include SV40, EBV and BPV 30, infected cells, such as HIV (Lieberman et al, Aids Res. and 

It is also contemplated that the introduction of the chi- Human Retroviruses, 11:257-271 (1995)). These CEPRs 

meric constructs of the present invention into cells may can be constructed with ECDs which recognize the viral 

result in the transient expression of the CPRs. Such transient envelope proteins. For example, SAbs which recognize 

expression may be preferable if a short-term therapeutic either gpl20 or gp41, or the CD4 extracellular domain 

effect is desired. Unstable replication or the absence of DNA 35 which recognizes gpl20 can be used to engineer HIV- 

replication may result, for example, from adenovirus infec- specific CTLs. CEPR-CTLs can also be engineered for use 

tion or transformation with naked DNA. against other viruses, such as Hepatitis B virus, Hepatitis C 

Once one has established that the transformed host cell virus, Kaposi's sarcoma associated Herpes virus, the Herpes 

expresses the CPR of the present invention in accordance Simplex viruses, Herpes Zoster virus, and papilloma viruses, 

with the desired regulation and at a desired level, one may 40 Another target for the engineered CTLs are neoplastic cells 

then determine whether the CPR is functional in the host cell which express cancer-specific neoantigens or over-express 

in providing for the desired proliferation signal. One may specific membrane proteins. Examples include the IL-14 

use established methodology for measuring proliferation to receptor, CD19 and CD20 for B cell lymphoma, the Lewis 

verify the functional capability of the CPR. The proliferative Y and CEA antigens for a variety of carcinomas, the Tag72 

response of cells can be measured by a variety of techniques 45 antigen for breast and colorectal cancer, EGF-R for lung 

known to those skilled in the art. For example, DNA cancer, and the HER-2 protein which is often amplified in 

synthesis can be measured by the incorporation of either human breast and ovarian carcinomas. As an example, 

tritiated thymidine or orotic acid. The incorporation of human Heregulin (Hrg), a protein similar in structure to 

bromodeoxyuridine into newly synthesized DNA can be Epidermal Growth Factor (EGF), has been identified as a 

measured by immunological staining and the detection of 50 ligand for the HER-2 protein (Holmes et al., Science (1992) 

dyes, or by EUSA (Enzyme-linked immunosorbent assay) 256:1205-1210). The extracellular domain of Hrg could be 

(Doyle et al., Cell and Tissue Culture: Laboratory used as an ECD to form a chimeric construct of the present 

Procedures, Wiley, Chichester, England, (1994)). The invention to direct T cells to kill breast carcinoma cells, 

mitotic index of cells can be determined by staining and CEPR-CTLs can also be used to target autoimmune cells in 

microscopy, by the fraction labeled mitoses method or by 55 the treatment of autoimmune diseases such as Systemic 

FACS analysis (Doyle et al., supra, (1994); Dean, Cell Lupus Erythematosus (SLE), myasthenia gravis, diabetes. 

Tissue Kinet. 13:299-308 (1980); Dean, Cell Tissue Kinet rheumatoid arthritis, and Grave's disease. 

13:672-681 (1980)). The increase in cell size which accom- CD4 + helper T cells (THs) engineered with CEPRs con- 

panies progress through the cell cycle can be measure by taining ECDs which recognize specific antigens can also be 

centrifugal elutriation (Faha et al., / Virol 67:2456-2465 60 used to treat human disease. In particular, lymphokine 

(1993)). Increases in the number of cells may also be production by CEPR-THs may be effective against cancer 

measured by counting the cells, with or without the addition cells and mycobacterial infections, including Mycobacte- 

of vital dyes. Id addition, signal transduction can also be Hum avium, Mycobacterium tuberculosis and Mycobactium 

measured by the detection of phosphotyrosine, the in vitro leprae. 

activity of tyrosine kinases from activated cells, c-myc 65 Chimeric proliferation receptors which do not contain 

induction, and calcium mobilization as described in the effector function signaling domains may also be of use in the 

Examples infra. treatment of human disease. Various cell types containing 



5,837,544 

21 22 

the CPR constructs described above may be grown in an included in the retroviral construct. These include genes 

appropriate nutrient medium for expansion or may be such as the thymidine kinase or cytosine deaminase genes 

expanded directly in the body via signaling through the (Borrelli et al. (1988) Proc. Natl. Acad. Sci. USA 85:7572) 

CPR, depending on the cell type, and used in a variety of which acts as a suicide gene for the marked cells if the 

ways. For example, the expanded cells may be used to 5 patient is exposed to gancyclovir or S'-fluorouracil (5FU), 

reconstruct existing tissue or provide new tissue in trans- respectively. Thus, if the percentage of marked cells is too 

plantation therapy. In a particular example, keratinocytes, high, gancyclovir or 5FU may be administered to reduce the 

used for replacement of skin in the case of burns, may be percentage of cells expressing the chimeric receptors. In 

grown to form a continuous layer prior to application. addition, if the percentage of marked cells needs to be 

Alternatively, the keratinocytes may be used in the case of 10 increased, the multi-drug resistance gene can be included 

plastic surgery to replace skin removed from the host for use (Sorrentino et al. (1992) Science 257:99) which functions as 

at another site. a preferential survival gene for the marked cells in the 

Other cell types that would be of particular interest for patients if the patient is administered a dose of a chemo- 

expansion after delivery of the CPRs of the subject invention therapeutic agent such as taxol. Therefore, the percentage of 

are islets ofLangerhans which may be grown and introduced 15 marked cells in the patients can be titrated to obtain the 

into a host by capsules or other means, for the production of maximum therapeutic benefit. 

insulin. Retinal epithelial cells may also be expanded and In addition, high-titer adenoviral producer lines may be 
injected or implanted into the subretinal space of the eye to used to transduce the chimeric proliferation receptor con- 
treat visual disorders, such as macular degeneration. structs into autologous or allogeneic nerve cells, hemato- 
Immune cells, described in detail above, may be expanded 20 poietic cells including stem cells, islets of Langerhans, 
ex vivo and injected into the bloodstream or elsewhere to keratinocytes, muscle cells or other cells following the 
treat immune deficiency. Myoblasts may be expanded with methods of adenoviral mediated gene transfer as described' 
the present invention and injected at various sites to treat by Finer et al. in Blood, 83:43-50 (1994). Similar to the 
muscle wasting diseases such as Duchenne muscular dys- procedure described above, other genes may be included in 
trophy. Hepatocytes may be expanded for use in liver 25 the adenoviral constructs in addition to the chimeric prolif- 
regeneration. Endothelial cells may also be expanded to eration receptor in the recipient cell. After introduction of 
repair blood vessels or to deliver proteins to the circulation. the construct into the cell type of interest, the cells may be 
Nerve cells which ordinarily do not proliferate may be expanded in an appropriate medium well know in the art and 
targets for expression by using the CPRs of present inven- used in a variety of ways previously described, 
tion. In addition cells which will not proliferate in vitro, and 30 The following examples are by way of illustration.acd not 
therefore cannot be manipulated or genetically engineered by way of limitation, 
may be ideal recipients of the CPRs of the present invention. p yppr iiupntta t 

Additional types of cells that would benefit from the t-AfbKlMUJN 1AL 

subject CPR constructs include cells that have genes previ- EXAMPLE 1 

ously introduced or simultaneously introduced with a CPR 35 Construction of CPRs comprising a ligand-receptor (CD4) 

which may serve in protein production or to correct a genetic extracellular clustering domain and a Janus kinase or cytok- 

defect. Production of proteins may include growth factors, ine receptor subunit proliferation signaling domain, 

such as, erythropoietin, G-CSF, M-CSF, and GM-CSF, epi- Expression vectors for CD4-Janus kinase and CD4- 

dermal growth factor, platelet derived growth factor, human cytokine receptor subunit hybrids were created using 

growth factor, transforming growth factor, etc; lymphokines, 40 pIKl.lF3Sal. This plasmid was made by introducing a Sail 

such as the interleukins; hormones, such as ACTH, site into pIKl.lF3 (U.S. Pat. No. 5,359,046) which directs 

somatomedin, insulin, angiotensin, etc.; coagulation factors, the expression CD4-£, a chimeric protein comprised of the 

such as Factor VIIIC; deoxyribonuclease for treating cystic human CD4 extracellular (EXT) and transmembrane (TM) 

fibrosis; glucocerebrosidase for treating Gaucher's disease; domains (residues 1 to 395 of mature CD4) fused to the 

normal versions of proteins associated with genetic diseases 45 cytoplasmic (CYT) domain of human The Sail site was • 

such as adenosine deaminase or the CFTR protein associated introduced by oligonucleotide-directed mutagenesis using 

with cystic fibrosis; protective agents, such as single stranded pIKl.lF3 DNA with oligo 1 as the primer, 

al-antitrypsin; regulatory proteins or enzymes associated pEKl.lF3Sal was identified by restriction analysis and its 

with the production of amino acid free products, such as the sequence confirmed by Sanger dideoxynucleotide sequcnc- 

expression of tyrosine hydroxylase for the production of 50 ing. The creation of the Sail site results in the insertion of an 

L-dopamine, and the like. Asp codon at the junction of CD4 TM and £ CYT, and* 

The recipient of genetically modified allogeneic cells can permits the replacement of % CYT domain with a Janus 

be immunosuppressed to prevent the rejection of the trans- kinases or cytokine receptor subunit CYT domain with the 

planted cells. In the case of immunocompromised patients, retention of a single Asp residue at the junction. Derivatives 

no pretransplant therapy may be required. Another alterna- 55 lacking the extra Asp codon or containing other oligo- or 

tive source of cells to be transplanted are so-called "univer- polypeptide linkers are constructed by oligonucleotide- 

sal donor" cells which have been genetically engineered so directed mutagenesis (Zbller and Smith, (1982) Nucleic 

that they do not express antigens of the major histocompat- Acids Res,. 10:6487-6500). In each example below, the 

ibility complex or molecules which function in antigen correct expression plasmid was identified by restriction 

presentation. 60 mapping and its structure confirmed by DNA sequencing. 

High-titer retroviral producer lines are used to transduce a) Construction of CD4-mJAKl 

the chimeric proliferation receptor constructs into autolo- pIKCD4-mJAKl directs the expression of a hybrid pro- 

gous or allogeneic human T-cells, hematopoietic stem cells tein consisting of the CD4 EXT and TM domains (residues 

or other cells, described above through the process of 1 to 395) joined at their C-terminus to the entire mouse 

retroviral mediated gene transfer as described by Luskyetal. 65 JAK1 Janus kinase by an Asp residue. This plasmid was 

in (1992) Blood 80:396. In addition to the gene encoding the constructed from three DNAfragments: 1) a vector fragment 

chimeric proliferation receptor, additional genes may be of 5.7 kb obtained by digestion of pIKl.lF3Sal with Sail and 
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Apal, 2) a 2.6 kb fragment encoding the N-terminus of with SacII and Apal. Secondly, a single-stranded DNA 

mJAKl obtained by digestion of pBluescriptKSmJAKI template was prepared from this intermediate plasmid and 

(provided by James Ihle & Bruce Witthuhn, St Jude Chil- used for oligonucleotide-directed mutagenesis with oligo- 

dren's Research Hospital, Memphis, Tenn.) with Ncol and nucleotide 12 (SEQ ID NO: 12) as a primer to fuse amino 

Sstl, and ligation to a Sall-Ncol adaptor consisting of 5 acid 1 of h'iyk2 in-frame to the Asp residue following the 

oligonucleotides 2 & 3 (SEQ ID NO: 2 & 3), and 3) a 0.9 CD4 coding region. The correct expression plasmid was 

kb fragment encoding the C-terminus of mJAKl obtained by identified by colony hybridization using oligonucleotide 13 

digestion of pBluescriptKSinJAKl with Sstl and Ndel, and (SEQ ID NO:13)as probe. - 

ligation to an Ndel-Apal adaptor consisting of oligonucle- e) Construction of CD4-hJAK3 

otides 4 & 5 (SEQ ID NO: 4 & 5). 10 pIKCD4-hJAK3 directs the expression of a hybrid protein 

b) Construction of CD4-mJAK2 consisting of the CD4 EXT and TM domains (residues 
pIKCD4-mJAK2 directs the expression of a hybrid pro- 1-395) joined at their C-terminus to the entire human Tyk2 

tein consisting of the CD4 EXT and TM domains (residues Janus kinase by an Asp residue. This plasmid was con- 

1-395) joined at their C-terminus to the entire mouse JAK2 structed in two steps. First, an intermediate plasmid was 

Janus kinase by an Asp residue. This plasmid was con- 15 constructed from three DNA fragments: 1) a vector fragment 

structed in two steps. First, an intermediate plasmid was of 5.7 kb obtained by digestion of pIKl.lF3Sal with Sail and 

constructed from two DNA fragments: 1) a vector fragment Apal, and extension of the cohesive ends with T4 poly- 

of 5.7 kb obtained by digestion of pIKl.lF3Sal with Sail and merase and dNTPs to create blunt ends, and 2) a 3.6 kb 

Apal and modification of the cohesive ends with T4 poly- fragment encoding the entire hJAK3 protein obtained by 

merase and dNTPs to create blunt ends, and 2) a 3.7 kb 20 digestion of pBluescriptSKhJAK3 (provided by John 

fragment encoding the entire mJAK2 protein obtained by O'Shea, National Cancer Institute, Frederick, Md.) with 

digestion of pBluescriptSKmJAK2 (provided by James Ihle EcoRI and Ndel and extension of the cohesive ends with T4 

& Bruce Witthuhn, St Jude Children's Research Hospital, polymerase and dNTPs to create blunt ends. A clone with the 

Memphis, Tenn.) with NotI and Nhel and extension of the insert in the correct orientation, having the blunted Sail and 

cohesive ends with T4 polymerase and dNTPs to create 25 EcoRI sites joined, was identified and used to prepare a 

blunt ends. A clone with the insert in the correct orientation, single-stranded DNA template. Secondly, this template was 

having the blunted Sail and NotI sites joined, was identified used for oligonucleotideiirected mutagenesis with oligo- 

and used to prepare a single-stranded DNA template. nucleotide 14 (SEQ ID NO:14)as a primer to fuse amino 

Secondly, this template was used for oligonucleotide- acid 1 of hJAK3 in-frame to the Asp residue following the 

directed mutagenesis with oligonucleotide 6 (SEQ ID NO:6) 30 CD4 TM region. The correct expression plasmid was iden- 

as a primer to fuse amino acid 1 of mJAK2 in-frame to the tified by colony hybridization using oligonucleotide 15 

Asp residue following the CD4 TM region. The correct (SEQ ID NO:15)as a probe, 

expression plasmid was identified by colony hybridization f) Construction of CD4-hIL2Rp 

using oligonucleotide 7 (SEQ ID NO:7) as a probe. pIKCD4-hIL2Rp directs the expression of a hybrid pro- 

c) Construction of CD4-mJAK3 , 35 tein consisting of the CD4 EXT and TM domains (residues 
pIKCD4-mJAK3 directs the expression of a hybrid pro- 1-395) joined at their C-terminus to the CYT domain of the 

tein consisting of the CD4 EXT and TM domains (residues human IL-2 receptor p subunit (residues 240-525 of the 

1-395) joined at their C-terminus to the entire mouse JAK2 mature polypeptide) by an Asp residue. This plasmid was- 

Janus kinase by an Asp residue. This plasmid was con- constructed from two DNA fragments: 1) a vector fragment 

structed from three DNA fragments: 1) a vector fragment of 40 of 5.7 kb obtained by digestion of pIKl.lF3Sal with Apal, 

5.7 kb obtained by digestion of pIKl.lF3Sal with Sail and extension of the cohesive end with T4 polymerase and 

Apal, 2) a 1.3 kb fragment encoding the mJAK3 N-terminus dNTPs to create a blunt end, followed by digestion with Sail, 

obtained by digestion of pBluescriptSKmJAK3 (provided and 2) a 0.9 kb fragment encoding the hIL-2R0 CYT domain 

by James Ihle & Bruce Witthuhn, St Jude Children's obtained by digestion of a PCR-generated DNA fragment 

Research Hospital, Memphis, Tenn.) with Eco47III and 45 with Sail and EcoRV. The PCR-generated fragment was 

EcoRI, and ligation to a SalI-Eco47III adaptor consisting of obtained by 1) isolating mRNA from normal human CD8- 

oligonucleotides 8 & 9 (SEQ ID NO:8 & 9), and 3) a 2.2 kb positive T cells with a FastTrack kit (Invitrogen, San Diego, 

fragment encoding the mJAK3 C-terminus obtained by Calif.), 2) using the mRNA to prepare single-stranded cDNA 

digestion of pBluescriptSKmJAK3 with EcoRI and BamHI, using a cDNA Cycle kit (Invitrogen, San Diego, Calif.) with 

and ligation to a BamHI- Apal adaptor consisting of oligo- 50 oligonucleotide 16 (SEQ ID NO: 16) as a primer, and 3) 

nucleotides 10 & 11 (SEQ ID NO:10 & 11). amplifying the single-stranded cDNA by PCR using oligo- 

d) Construction of CD4-hiyk2 nucleotides 17 & 18 (SEQ ID NO:17 & 18) as primers to 
pIKCD4-hTyk2 directs the expression of a hybrid protein generate a fragment which incorporates Sail and EcoRV 

consisting of the CD4 EXT and TM domains (residues sites at the 5 ! and 3' ends, respectively. 

1-395) joined at their C-terminus to the entire human Tyk2, 55 g) Construction of CD4-IL2Ry 

Janus kinase by an Asp residue. This plasmid was con- pIKCD4-IL2RY directs the expression of a hybrid protein 

structed in two steps. First, an intermediate plasmid was consisting of the CD4 EXT and TM domains (residues 

constructed from three DNA fragments: 1) a vector, fragment 1-395) joined at their C-terminus to the CYT domain of the 

of 5.7 kb obtained by digestion of pIKl'.lF3Sal with Sail, human IL-2 receptor y subunit (residues 262-347 of the 

extension of the cohesive end with T4 polymerase and 60 mature polypeptide) by an Asp residue. This plasmid was 

dNTPs to create a blunt end, followed by digestion with constructed from two DNA fragments: 1) a vector fragment 

Apal, and 2) a 1.1 kb fragment encoding the N-terminus of of 5.7 kb obtained by digestion of pIKl.lF3Sal with Apal, 

hTyk2 obtained by digestion of pRCFwt (provided by San- extension of the cohesive end with T4 polymerase and 

dra Pellegrini, Institut Pasteur, Paris) with SphI, extension of dNTPs to create a blunt end, followed by digestion with Sail, 

the cohesive end with T4 polymerase and dNTPs, followed 65 and 2) a 0.3 kb fragment encoding the hIL-2Ry CYT domain 

by digestion with SacII, and 3) a 2.6 kb fragment encoding obtained by digestion of a PCR-generated DNA fragment 

the C-terminus of hTyk2 obtained by digestion of pRCFwt with Sail and EcoRV. The PCR-generated fragment was 
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obtained by 1) isolating a hIL-2Ry DNA clone from a k c) Construction of SAb-mJAK3 

cDNA library made from activated human T cells (Clontech, pIKSAb-mJAK3 directs the expression of a hybrid pro- 

Palo Alto, Calif.) using oligonucleotides 19 & 20 (SEQ ID tein consisting of the SAb EXT and CD4 TM domains of 

NO: 19 & 20)as probes, 2) subcloning an EcoRI fragment F15y2 joined at their C-terminus to the entire mouse JAK2 

containing the hIL-2Ry CYT domain (residues 26S-347), 3) 5 Janus kinase by an Asp residue. This plasmid is constructed 

using the subclone DNA to carry out PCR with oligos 21 and ^ oxn ^ c DNA fragments: 1) a vector fragment of 7.7 kb 

22 as primers to generate a fragment in which the codons for encoding the entire raJAK3 protein, obtained by digestion of 

hIL-2Ry residues 262-267 were recreated, the EcoRI site pIKCT)4-mJAK3 with SphI and Sail, 2) a fragment of 0.7 kb 

was removed, and in which Sail and EcoRV sites were e ??°. dlD | the N-termmal rx>rti^ of the SAb EXT domain, 

incorporated at the 5' and 3' ends, respectively. n £ btai £ d bv ingestion of pIKSAb-mJAKl with SphI and 

r J 10 BamHl, and 3) a fragment of 1.0 kb encoding the remainder 

EXAMPLE 2 of the SAb EXT domain and the CD4 TM domain, obtained 

CPRs containing an antibody extracellular clustering by digestion of DIKSAb-mJAKl with BamHI and Sail, 

domain and a Janus kinase or cytokine receptor subunit d) Construction of SAb-hTyk2 

proliferation signaling domain. pIKSAb-hTyk2 directs the expression of a hybrid protein 

Expression vectors for SAb-Janus kinase and SAb- 1S consisting of the SAb EXT and CD4 TM domains of F15y2 

cytokine receptor subunit hybrids are created by replacing joined at their C-terminus to the entire human Tyk2 Janus 

the CD4 EXT domain in CD4- Janus kinase, and CD4- kinase by an Asp residue. This plasmid is constructed from 

cytokine receptor subunit hybrids (examples la to lg) with three DNA fragments: 1) a vector fragment of 7.5 kb 

the EXT domain of F15y2, a single-chain antibody^ chi- 2, tiT^ * gP ?"?V£ 

meric receptor, contained in plasmid P RT43.2F15y2 i. F15y2 f^ 33 ^ 1 ^ ^ i^, and ^ 2) * fragm f "u °™ 

is comprised of (from N- to C-terminus) of: 1) the signal 20 ^f^g me SAb EXT domain and a portion of the CD4 

sequence and V, domain of human anti-HIV gp41 MAb ™£TTk °\T dl E ^ J^S^f!? 

98.6 (residues 1-107 of the mature protein), 2) a 14 amino " d ^^f^ * fragmenl ?\ °i the 

acid peptide linker (Gly-Ser-Thr-Ser-Gly-Ser-Gly-Lys-Ser- ^^^^^t^^^^^f^-^ 

Ser-Glu-Gly-Lys-Gly), 3) tbe V„ domain of MAd 98.6 "Fv^j'" by d W Baton o£ PlKCD4-hTyk2 

(residues 1-113 of the mature protein), 4) the hinge, CH2 » ™* , . 

and CH3 domains of the human IgG2 heavy chain constant t ]S^^^ S ^ ) ** IAX ^ 

region (residues 226 to 477), 5) the 18 residue human IgG3 P 1 ^"?,^^-^ express m i of a hybrid protein 

Ml membrane hinge, 6) the CD4 TM domain (resides f°.n^g °f the SAb EXT and CD4TM domains of F15 Y 2 

372-395), and 7) the £ CYT domain (residues 31-142). The J omed * l their C^errmnus to the entire human JAK3 Janus 

presence of the IgG2 heavy chain constant domain allows 30 £ Mse I &f£ sp residue " ^ P^.d is constructed from 

such SAb-Janus kinase and SAb-cytokine receptor subunit ^!t*™L & T A £±1 ?*L V ^ 

. A r j. 1jCJ , , encoding the entire mJAK3 protein, obtamed by digestion of 

consmicts o form disulfide-hnked dimers. Derivatives p rKCD4-hJAK3 with SphI and Sail, 2) a fragment of 0.7 kb 

which lack the constant, domain, and thus do not dimenze, encoding the N . terminal portion of m ' e SAbEXT domain, 

are made by oligonucleotide directed mutagenesis. Other obtained by digestion of pIKSAb-mJAKl with SphI and 

derivatives lacking the Asp codon or containing other oligo- 35 BamHI, and 3) a fragment of 1.0 kb encoding the remainder 

or polypeptide linkers at the junction of CD4 TM and the of the SAb EXT domain and the CD4 TM domain, obtained 

CYT domain of the Janus kinase or cytokine receptor by digestion of pIKSAb-mJAKl with BamHI and Sail, 

subunit are constructed by oligonucleotide directed f) Construction of SAb-IL2Rp 

mutagenesis. In each example, the correct expression plas- pIKSAb-hIL2Rp directs the expression of a hybrid pro- 
mid is identified by restriction mapping and its structure 40 tein consisting of the SAb EXT and CD4 TM domains of 
confirmed by DNA sequencing. F15y2 joined at their C-terminus to the human IL2R0 CYT 

a) Construction of SAb-mJAKl domain by an Asp residue. This plasmid is constructed from 
pIKSAb-mJAKl directs the expression of a hybrid pro- three DNA fragments: 1) a vector fragment of 5.0 kb 

tein consisting of the SAb EXT and CD4 TM domains of encoding the IL-2R0 CYT domain, obtained by digestion of 

F15y2 joined at their C-terminus to the entire mouse JAK1 45 pIKCD4-hIL2Rp with SphI and Sail, 2) a fragment of 0.7 kb 

Janus kinase by an Asp residue. This plasmid is constructed . enc °ding the N-terminal portion of the SAb EXT domain, 

from three DNA fragments: 1) a vector fragment of 4.3 kb ° btam * d b ? d^estion of pIKSAb-mJAKl with SphI and 

obtained by digestion of the expression plasmid pIKl.l with B ^S!^^ & ^ ai °f }u°%££?F rcn ?f inde 4 r 

EcoRI and Apal, 2) a fragment of 1.6 kb encoding the SAb ? f EX J ^ CD .i™ domam obtained 

rjYT a „■ „ j _a f \T r~r\ a ™* a 5 • a u Dv digestion of pIKSAb-mJAKl with BamHI and Sail. 

EXT domam and I pari t of the CT4 TM domain, obtamed by 50 > } of SA b-IL2R Y 

digestion of P RT43.2F15y2 with EcoRI and NgoMI, and 3) pIKSAb-hIL2Rv directs the egression of a hybrid protein 

a 3.7 kb fragment encoding the remamder of the CD4 TM consisting of the SAb EXT and CD4 TM domains of F15 Y 2 

domam and the entire mJAKl protein, obtamed by digestion joined at ^ C-terminus to the human EL2Ry CYT domain 

of pIKCD4-mJAKl with NgoMI and Apal. by an Asp residue. This plasmid is constructed from three 

b) Construction of SAb-mJAK2 55 DNA fragments: 1) a vector fragment of 4.4 kb encoding the 
pIKSAb-mJAK2 directs the expression of a hybrid pro- IL-2R Y CYT domain, obtained by digestion of pIKCD4- 

tein consisting of the SAb EXT and CD4 TM domains of hIL2R Y with SphI and Sail, 2) a fragment of 0.7 kb encoding 

F15y2 joined at their C-terminus to the entire mouse JAK2 the N-terminal portion of the SAb EXT domain, obtained by 

Janus kinase by an Asp residue. This plasmid is constructed digestion of pIKSAb-mJAKl with SphI and BamHI, and 3) 

from three DNA fragments: 1) a vector fragment of 7.6 kb 60 a fragment of 1.0 kb encoding the remainder of the SAb 

encoding the entire mJAK2 protein, obtained by digestion of EXT domain and the CD4 TM domain, obtained by diges- 

pIKCD4-m JAK2 with SphI and Sail, 2) a fragment of 0.7 kb ^on of pIKSAb-mJAKl with BamHI and Sail . 

encoding the N-terminal portion of the SAb EXT domain, EXAMPLE 3 

obtained by digestion of pIKSAb-mJAKl with SphI and CPRs comprising a ligand-receptor (CD4) extracellular 

BamHI, and 3) a fragment of 1.0 kb encoding the remainder 65 clustering domain, a £ family signalling domain and a Janus 

of the SAb EXT domain and the CD4 TM domain, obtained kinase or cytokine receptor subunit proliferation signaling 

by digestion of pIKSAb-mJAKl with BamHI and Sail. domain. 
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This class of chimeric receptors were created by the 
insertion of a £ family CYT signaling domain (e.g. t], the 
FcRe y subunit, B29, and CD3 y, 6 and e subiinits) into a 
CPR between the TM domain and proliferation signaling 
(Janus kinase or cytokine receptor subunit) domain. These 
chimeric receptors were constructed from pIKl.lF3SalB, an 
intermediate plasmid based on pIKl.lF3 (which encodes 
CD4-£). A Sail site was introduced into the CD4-£ coding 
sequence between the last amino acid and stop codon by 
oligonucleotide-directed mutagenesis using pIKl.lF3 
single-stranded DNA with oligonucleotide 23 (SEQ ID 
NO:23) as a primer and oligonucleotide 24 (SEQ ID NO:24) 
to identify the correct clone by colony hybridization. This 
results in the addition of 2 residues (Val-Asp) at the carboxyl 
terminus of CD4-£. The proliferation signaling domain of a 
Janus kinase or cytokine receptor subunit was then joined at 
the C-terminus of CD4-£ using the unique Sail site which 
adds a Val-Asp dipeptide at the junction. Derivatives lacking 
the Val-Asp dipeptide or containing other oligo- or polypep- 
tide linkers are constructed by oligonucleotide-directed 
mutagenesis. A similar strategy is used to create CPRs 
containing a £ family signaling domain at the C-terminus of 
the chimeric protein (e.g., CD4-Janus kinase-^ and CD4- 
cytokine receptor subunit-Q by inserting the £ family CYT 
domain after the proliferation signalling CYT domain. 

a) Construction of CD4-£-mJAKl 
pIKCD4-£-mJAKl directs the expression of a hybrid 

protein consisting of the CD 4 EXT and TM domains 
(residues 1 to 395) and £ CYT domain joined at their 
C-terminus to the entire mouse JAK1 Janus kinase by a 
Val-Asp dipeptide. This plasmid was constructed from two 
DNA fragments: 1) a vector fragment of 7.7 kb encoding the 
entire mJAKl protein, obtained by digestion of pEKCD4- 
mJAKl with SphI and Sail, 2) a 1.8 kb fragment encoding 
the CD4 EXT and TM domains and the £ CYT domain, 
obtained by digestion of pIKl.lF3SalB with SphI and Sail. 

b) Construction of CD4-£-mJAK2 
pIKCD4-£-mJAK2 directs the expression of a hybrid 

protein consisting of the CD4 EXT and TM domains 
(residues 1 to 395) and t CYT domain joined at their 
C-terminus to the entire mouse JAK2 Janus kinase by a 
Val-Asp dipeptide. This plasmid was constructed from two 
DNA fragments: 1) a vector fragment of 7.6 kb encoding the 
entire mJAK2 protein, obtained by digestion of pDCCD4- 
mJAK2 with SphI and Sail, 2) a 1.8 kb fragment encoding 
the CD4 EXT and TM domains and the £ CYT domain, 
obtained by digestion of pIKLlF3SalB with SphI and Sail. 

c) Construction of CD4-£-mJAK3 
pIKCD4-t;-mJAK3 directs the expression of a hybrid 

protein consisting of the CD4 EXT and TM domains 
(residues 1 to 395) and £ CYT domain joined at their 
C-terminus to the entire mouse JAK3 Janus kinase by a 
Val-Asp dipeptide. This plasmid was constructed from two 
DNA fragments: 1) a vector fragment of 7.7 kb encoding the 
entire mJAK3 protein, obtained by digestion of pIKCD4- 
mJAK3 with SphI and Sail, 2) a 1.8 kb fragment encoding 
the CD4 EXT and TM domains and the % CYT domain, 
obtained by digestion of pIKl.lF3SalB with SphI and Sail. 

d) Construction of CD4-£-hTyk2 

pIKCD4-£-hTyk2 directs the expression of a hybrid pro- 
tein consisting of the CD4 EXT and TM domains (residues 
1 to 395) and £ CYT domain joined at their C-terminus to 
the entire human Tyk2 Janus kinase by a Val-Asp dipeptide. 
This plasmid was constructed from three DNA fragments: 1) 
a vector fragment of 7.5 kb encoding the C-terminus of 
htyk2, obtained by digestion of pIKCD4-hTyk2 with EcoRI 
and BspEI, 2) a 1.7 kb fragment encoding the CD4 EXT and 
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TM domains and the t; CYT domain, obtained by digestion 
of pIKl.lF3SaIB with EcoRI and Sail, and 3) a 0.3 kb 
fragment encoding the N-terminus of hiyk2, obtained by 
digestion of pIKl.lF3SalB with Sail and BspEI. 

e) Construction of CD4-£-hJAK3 
pIKCD4-£-hJAK3 directs the expression of a hybrid 

protein consisting of the CD4 EXT and TM domains 
(residues 1 to 395) and £ CYT domain joined at their 
C-terminus to the entire human JAK3 Janus kinase by a 
Val-Asp dipeptide. This plasmid was constructed from two 
DNA fragments: 1) a vector fragment of 7.7 kb encoding the 
entire hJAK3 protein, obtained by digestion of pIKCD4- 
hJAK3 with SphI and Sail, %) a 1.8 kb fragment encoding 
the CD4 EXT and TM domains and the t, CYT domain, 
obtained by digestion of pIKl.lF3SalB with SphI and Sail. 

f) Construction of CD4-£-hIL2Rp 
pIKCD4-£-hIL2Rp directs the expression of a hybrid 

protein consisting of the CD4 EXT and TM domains 
(residues 1 to 395) and £ CYT domain joined at their 
C-terminus to the human IL2Rp CYT domain subunit by a 
Val-Asp dipeptide. This plasmid is constructed from two 
DNA fragments: 1) a vector fragment of 5.0 kb encoding the 
hIL2Rp CYT domain, obtained by digestion of pIKCD4- 
hIL2Rp with SphI and Sail, 2) a 1.8 kb fragment encoding 
the CD4 EXT and TM domains and the £ CYT domain, 
obtained by digestion of pIKl.lF3SalB with SphI and Sail. 

g) Construction of CD4-5-hIL2Ry 
pIKCD4-£-hIL2RY directs the expression of a hybrid 

protein consisting of the CD4 EXT and TM domains 
(residues 1 to 395) and £ CYT domain joined at their 
C-terminus to the human IL2Ry CYT domain by a Val-Asp 
dipeptide. This plasmid is constructed from two DNA frag- 
ments: 1) a vector fragment of 4.4 kb encoding the hIL2Ry 
CYT domain, obtained by digestion of pIKCD4-hIL2Rfi 
with SphI and Sail, 2) a 1.8 kb fragment encoding the CD4 
EXT and TM domains and the £ CYT domain, obtained by 
digestion of pIKl.lF3SalB with SphI and Sail. 

EXAMPLE 4 

CPRs containing an antibody extracellular clustering 
domain, a £ family signaling domain and a Janus kinase or 
cytokine receptor subunit proliferation signaling domain. 

This class of chimeric receptors are created by the inser-" 
tion of a £ family CYT signaling domain (e.g. t|, the FcRe 
Y subunit, B29, and CD3 y, 5 and e subunits) into an 
antibody-based CPR between the TM domain and prolifera- 
tion signaling (Janus kinase or cytokine receptor subunit) 
domain. These chimeric receptors are constructed from 
CD4-£-Janus kinase and CD4-£-cytokine receptor subunit 
CPRs, by substituting an antibody-based EXT clustering 
domain for the CD4 EXT domain. The proliferation signal- 
ling domain of a Janus kinase or cytokine receptor subunit 
is joined at the C-terminus of SAb-£ by a Val-Asp dipeptide. 
Derivatives lacking the Val-Asp dipeptide or containing 
other oligo- or polypeptide linkers are constructed by 
oligonucleotide-directed mutagenesis. A similar strategy is 
used to create CPRs containing a £ family signaling domain 
at the C-terminus of the chimeric protein (e.g., SAb-Janus 
kinase-^ and SAb-cytokine receptor subunit-^) by inserting 
the £ family CYT domain after the proliferation signalling 
CYT domain. 

a) Construction of SAb-^-mJAKl 

pIKSAb-^-mJAKl directs the expression of a hybrid 
protein consisting of the 98.6 SAb EXT, CD4 TM and £ 
CYT domain joined at their C-terminus to the entire mouse 
JAK1 Janus kinase by a Val-Asp dipeptide. This plasmid is 
constructed from three DNAfragments: 1) a vector fragment 
of 4.3 kb obtained by digestion of the expression plasmid 
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pIKl.l with EcoRI and Apal, 2) a fragment of 1.6 kb domain by a Val-Asp dipeptide. This plasmid is constructed 

encoding the SAb EXT domain and part of the CD4 TM from three DNA fragments: 1) a vector fragment of 5.0 kb 

domain, obtained by digestion of pRT43.2F15y2 with EcoRI encoding the hIL2Rp CYT domain, obtained by digestion of 

and NgoMI, and 3) a 4.0 kb fragment encoding the remain- pDCCD4-hIL2Rp with SphI and Sail, 2) a fragment of 0.7 kb 

der of the CD4 TM domain, the £ CYT domain and the entire 5 encoding the N-terminal portion of the SAb EXT domain, 

mJAKl protein, obtained by digestion of pIKCD4-£- obtained by digestion of pIKSAb-^-mJAKl with SphI and 

mJAKl with NgoMI and Apal. BamHI, and 3) a fragment of 1.4 kb encoding the remainder 

b) Construction of SAb-£-mJAK2 of me SAb EXT domain, the CD4 TM domain and the £ 
pIKSAb-£-mJAK2 directs the expression of a hybrid ^ doi *ain, obtained by digestion of pIKSAb-£-mJAKl 

protein consisting of the 98.6 SAb EXT, CD4 TM and £ 10 w * ^ amHI and Sal * 0 

CYT domain joined at their C-terminus to the entire mouse ^^w?^ SAb^-hipRy 

JAK2 Janus kinase by a Val-Asp dipeptide. This plasmid is pIKSAb-5-hIL2R Y directs the expression of a hybrid 

constructed from three Defragments: 1) a vector fragment P rotem of me 98.6 EXT, CD4 TM and £ CYT 

of 7.6 kb encoding the entire mJAK2 protein, obtained by domain i° ined at their C-terminus to the human IL2R Y CYT 

digestion of pIKCD4-mJAK2 with SphI and Sail, 2) a is ^omam by a Val-Asp dipeptide. This plasmid is constructed 

fragment of 0.7 kb encoding the N-terminal portion of the from three DNA fragments: 1) a vector fragment of 4.4 kb 

SAb EXT domain, obtained by digestion of pIKSAb<- e "™* n S iSP^T L 97^am, obtained by digestion of 

mJAKl with SphI and BamHI, and 3) a fragment of 1.4 kb pKCp4-hpR Y with SphI and Sail, 2) a fragment of 0.7 kb 

encoding the remainder of the SAb EXT domain, the CD4 encoding the N-termmal portion of the SAb EXT domain, 

TM domain and the £ CYT domain, obtained by digestion of 20 ° btai ^ d b * ^estion of pI^Ab-^-mJAKl with SphI and 

plKSAb-^mJAKl with BamHI and Sail BamHI, and 3) a fragment of 1.4 kb encoding the remainder 

c) Construction of SAb-^-mJAK3 of me SAb 15X7 domam - CD4 ™ domain and the £ 
pIKSAb-£-mJAK3 directs the expression of a hybrid ^ obtained b V digestion of pIKSAb-^-mJAKl 

protein consisting of the 98.6 SAb EXT, CD4 TM and % 

CYT domain joined at their C-terminus to the entire mouse 25 EXAMPLE 5 
JAK3 Janus kinase by a Val-Asp dipeptide. This plasmid is CPRs containing a ligand-receptor (CD4) extracellular cms- 
constructed from three DNA fragments: 1) a vector fragment tering domain, a Syk family kinase signaling domain and a 
of 7.7 kb. encoding the entire mJAK3 protein, obtained by Janus kinase or a cytokine receptor subunit proliferation 
digestion of pIKCD4-mJAK3 with SphI and Sail, 2) a signaling domain. 

fragment of 0.7 kb encoding the N-terminal portion of the 30 This class of chimeric receptors are created by the inser- 

SAb EXT domain, obtained by digestion of pIKSAb-£- tion of a Syk family kinase (e.g., Syk and ZAP-70) into a 

mJAKl with SphI and BamHI, and 3) a fragment of 1.4 kb CPR between the TM domain and proliferation signaling 

encoding the remainder of the SAb EXT domain, the CD4 (Janus kinase or cytokine receptor subunit) domain. These 

TM domain and the £ CYT domain, obtained by digestion of chimeric receptors are constructed from CD4-£-Janus kinase 

pIKSAb-^-mJAKl with BamHI and Sail. 35 or CD4-£-cytokine receptor subunit CPRs, by replacing the 

d) Construction of SAb-£-hTyk2 £; family CYT domain with the entire Syk family polypep- 
pIKSAb-£-hTyk2 directs the expression of a hybrid pro- tide. CPRs based on the Syk kinase are made from the 

tein consisting of the 98.6 EXT, CD4 TM and £ CYT domain intermediate plasmid pIKl.lCD4-Syk which directs the : 

joined at their C-terminus to the entire human Tyk2 Janus expression of a hybrid protein consisting of the CD4 EXT 

kinase by a Val-Asp dipeptide. This plasmid is constructed 40 and TM domains joined to the entire human Syk polypeptide 

from three DNA fragments: 1) a vector fragment of 7.5 kb by a Glu residue. This plasmid is constructed from two 

encoding the C-terminus of hTyk2, obtained by digestion of fragments: 1) a vector fragment of 5.7 kb encoding the CD4 

pIKCD4-hiyk2 with EcoRI and BspEI, 2) a fragment of 1.6 EXT and TM domains, obtained by digestion of 

kb encoding the SAb EXT domain and a portion of the CD4 pIKl.lF3Sal with Apal, extension of the cohesive end to a 

TM domain, obtained by digestion of pIKSAb-^-mJAKl 45 blunt end with T4 DNA polymerase and dNTPs, followed by 

with EcoRI and NgoMI, and 3) a fragment of 1.6 kb digestion with Sail, and 2) a 1.8 kb PCR fragment encoding 

encoding the remainder of the CD4 TM domain, the t> CYT human Syk kinase, generated using o|>HM3-Syk (provided 

domain and the N-terminus of the hTyk2 protein, obtained by Edward Clark, U. of Washington, Seattle, Wash.) as a 

by digestion of plKCD4-£-hTyk2 with NgoMI and BspEI. PCR template with oligonucleotides 25 & 26 (SEQ ID 

e) Construction of SAb-£-hJAK3 so NO:25 & 26) as primers to introduce Xhol and EcoRV sites 
pIKCD4-£-hJAK3 directs the expression of a hybrid at the 5' and 3 1 ends, respectively, followed by digestion with 

protein consisting of the 98.6 EXT, CD4 TM and £ CYT Xhol and EcoRV. The Janus kinase or cytokine receptor 

domain joined at their C-terminus to the entire human JAK3 subunit is then joined at the C-terminus of CD4-Syk using 

Janus kinase by a Val-Asp dipeptide. This plasmid is con- the unique Sail site which adds a Val-Asp dipeptide at the 

structed from three DNA fragments: 1) a vector fragment of 55 junction. Derivatives lacking the Val-Asp dipeptide or con- 

7.7 kb encoding the entire hJAK3 protein, obtained by taining other oligo- or polypeptide linkers are constructed by 

digestion of pIKCD4-hJAK3 with SphI and Sail, 2) a oligonucleotide-directed mutagenesis. A similar strategy is 

fragment of 0.7 kb encoding the N-terminal portion of the used to create CPRs containing a Syk family kinase at the 

SAb EXT domain, obtained by digestion of pIKSAb-£- C-ierminus of the chimeric protein (e.g., CD4-Janus 

mJAKl with SphI and BamHI, and 3) a fragment of 1.4 kb 60 kinase-*; and CD4-cytokine receptor subunit-^) by inserting 

encoding the remainder of the SAb EXT domain, the CD4 the Syk famUy kinase after the proliferation signalling CYT 

TM domain and the % CYT domain, obtained by digestion of domain. 

pIKSAb-S-mJAKl with BamHI and Sail. a) Construction of CD4-Syk-mJAKl 

f) Construction of SAb-£-hIL2Rp pIKCD4-Syk-mJAKl directs the expression of a hybrid 
pIKSAb-£-hIL2Rp directs the expression of a hybrid 65 protein consisting of the CD4 EXT and TM domains 

protein consisting of the 98.6 EXT, CD4 TM and f; CYT (residues 1 to 395) and the entire Syk protein joined at their 

domainjomedatmeirC-teraiinustothehumanIL2RpCYT C-terminus to the entire mouse JAK1 Janus kinase by a 
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Val-Asp dipeptide. This plasmid is constructed from two g) Construction of CD4-Syk-hIL2Rv 

DNA fragments: 1) a vector fragment of 7.7 kb encoding the pIKCD4-Syk-hIL2Ry directs the expression of a hybrid 

entire mJAKl protein, obtained by digestion of pIKCD4- protein consisting of the CD4 EXT and TM domains 

mJAKl with SphI and Sail, and 2) a 33 kb fragment (residues 1 to 395) and the entire Syk protein joined at their 
encoding the CD4 EXT and TM domains and the entire Syk 5 C-terminus to the human IL2Ry CYT domain by a Val-Asp 

protein, obtained by digestion of pECl.lCD4-Syk with SphI dipeptide. This plasmid is constructed from two DNA frag- 

and Sail. ments: 1) a vector fragment of 4.4 kb encoding the hIL2Rp 

b) Construction of CD4-Syk-mJAK2 CYT domain, obtained by digestion of pIKCD4-hIL2R|3 
pIKCD4-Syk-mJAK2 directs the expression of a hybrid with SphI and Sail, 2) a 3.3 kb fragment encoding- the CD4 

protein consisting of ihe CD4 EXT and TM domains EXT and TM domains and the entire Syk protein, obtained 

(residues 1 to 395) and the entire Syk protein joined at their by digestion of pIKl.lCD4-Syk with SphI and Sail. 

C-terminus to the entire mouse JAK2 Janus kinase by a pyaiwipt 

Val-Asp dipeptide. This plasmid is constructed from two . . EXAMPLE 6 

DNA fragments: 1) a vector fragment of 7.6 kb encoding the CPRs containing an antibody extracellular clustering 

entire mJAK2 protein, obtained by digestion of pIKCD4- domain, and a Syk family kinase signaling domain and Janus 

mJAK2 with SphI and Sail, and 2) a 3.3 kb fragment 15 kinase & cytokine receptor subunit proliferation signaling 

encoding the CD4 EXT and TM domains and the entire Syk domain 

protein, obtained by digestion of pIKl.lCD4-Syk with SphI This class of chimeric receptors are created by the inser- 

and Sail. tion of a Syk family kinase (e.g. Syk and ZAP-70) into an 

c) Construction of CD4-Syk-mJAK3 antibody-based CPR between the TM domain and prolifera- 
pIKCD4-Syk-mJAK3 directs the expression of a hybrid 20 tion signaling (Janus kinase or cytokine receptor subunit) 

protein consisting of the CD4 EXT and TM domains domain. These chimeric receptors are constructed from 
(residues 1 to 395) and the entire Syk protein joined at their CD4-Syk- Janus kinase and CD4-Syk-cytokine receptor sub- 
C-tenninus to the entire mouse JAK3 Janus kinase by a unit CPRs, by substituting an antibody-based EXT cluster- 
Val-Asp dipeptide. This plasmid is constructed from two ing domain for the CD4 EXT domain. The proliferation 
DNA fragments: 1) a vector fragment of 7.7 kb encoding the 25 signaling domain of a Janus kinase or cytokine receptor 
entire mJAK3 protein, obtained by digestion of pHCCD4- subunit is joined at the C-terminus of SAb-Syk by a Val-Asp 
mJAK3 with SphI and Sail, and 2) a 3.3 kb fragment dipeptide. Derivatives lacking the Val-Asp dipeptide or 
encoding the CD4 EXT and TM domains and the entire Syk containing other oligo- or polypeptide linkers are con- 
protein, obtained by digestion of pIKl . 1CD4-Syk with SphI structed by oligonucleotide-directed mutagenesis. A similar 
and Sail. 30 strategy is used to create CPRs containing a Syk family 

d) Construction of CD4-Syk-bTyk2 kinase at the C-terminus of the chimeric protein (e.g., 
pIKCD4-Syk-hTyk2 directs the expression of a hybrid SAb-Janus kinase-Syk kinase and SAb-cytokine receptor 

protein consisting of the CD4 EXT and TM domains subunit-Syk kinase) by inserting the Syk family kinase after 

(residues 1 to 395) and the entire Syk protein joined at their the proliferation signalling CYT domain. 

C-terminus to the entire human Tyk2 Janus kinase by a 35 a) Construction of SAb-Syk-mJAKl 

Val-Asp dipeptide. This plasmid is constructed from three pIKSAb-Syk-mJAKl directs the expression of a hybrid 

DNA fragments: 1) a vector fragment of 7.5 kb encoding the protein consisting of the 98.6 SAb EXT, CD4 TM and the 

C-terminus of hTyk2, obtained by digestion of pIKCD4- entire Syk protein joined at their C-terminus to the entire 

hTyk2 with EcoRI and BspEI, 2) a 3.3 kb fragment encoding mouse JAK1 Janus kinase by a Val-Asp dipeptide. This 

the CD4 EXT and TM domains and the entire Syk protein, 40 plasmid is constructed from three DNA fragments: 1) a 

obtained by digestion of pIKl.lCD4-Syk with EcoRI and vector fragment of 7.7 kb encoding the entire mJAKl 

Sail, and 3) an 0.3 kb fragment encoding the N-terminus of protein, obtained by digestion of pIKCD4-mJAKl with SphI 

hTyk2, obtained by digestion of pIKl.lF3SalB with Sail and and Sail, 2) a fragment of 1.7 kb encoding the SAb EXT 

BspEI. domain and part of the CD4 TM domain, obtained by 

e) Construction of CD4-Syk-hJAK3 45 digestion of pIKSAb-mJAKl with SphI and NgoMI, and 3) 
pIKCD4-Syk-hJAK3 directs the expression of a hybrid a 2.0 kb fragment encoding the remainder of the CD4 TM 

protein consisting of the CD4 EXT and TM domains domain and the entire Syk protein, obtained by digestion of 

(residues 1 to 395) and the entire Syk protein joined at their pIKCD4-Syk-mJAKl with NgoMI and Sail. 

C-terminus to the entire human JAK3 Janus kinase by a b) Construction of SAb-Syk-mJAK2 

Val-Asp dipeptide. This plasmid is constructed from two 50 pIKSAb-Syk-mJAK2 directs the expression of a hybrid 

DNA fragments: 1) a vector fragment of 7.7 kb encoding the protein consisting of the 98.6 SAb EXT, CD4 TM and Syk 

entire hJAK3 protein, obtained by digestion of pIKCD4- CYT domain joined at their C-terminus to the entire mouse 

hJAK3 with SphI and Sail, and 2) a 3.3 kb fragment JAK2 Janus kinase by a Val-Asp dipeptide. This plasmid is 

encoding the CD4 EXT and TM domains and the entire Syk constructed from three DNA fragments: 1) a vector fragment 

protein, obtained by digestion of pEKJ .1CD4-Syk with SphI 55 of 7.6 kb encoding the entire mJAK2 protein, obtained by 

and Sail. digestion of pIKCD4-mJAK2 with SphI and Sail, 2) a 

f) Construction of CD4-Syk-hIL2Rp fragment of 0.7 kb encoding the N-terminal portion of the 
pIKCD4-Syk-hIL2Rp directs the expression of a hybrid SAb EXT domain, obtained by digestion of pIKSAb-£- 

protein consisting of the CD4 EXT and TM domains mJAKl with SphI and BamHI, and 3) a fragment of 3.0 kb 

(residues 1 to 395) and the entire Syk protein joined at their 60 encoding the remainder of the SAb EXT domain, the CD4 

C-terminus to the human IL2Rp CYT domain by a Val-Asp TM domain and the entire Syk protein, obtained by digestion 

dipeptide. This plasmid is constructed from two DNA frag- of pIKSAb-Syk-mJAKl with BamHI and Sail, 

ments: 1) a vector fragment of 5.0 kb encoding the hIL2R0 c) Construction of SAb-Syk-mJAK3 

CYT domain, obtained by digestion of pIKCD4-hIL2Rp pIKSAb-Syk-mJAK3 directs the expression of a hybrid 

with SphI and Sail, 2) a 3.3 kb fragment encoding the CD4 65 protein consisting of the 98.6 SAb EXT, CD4 TM and Syk 

EXT and TM domains and the entire Syk protein, obtained CYT domain joined at their C-terminus to the entire mouse 

by digestion of pIKl.lCD4-Syk with SphI and Sail. JAK3 Janus kinase by a Val-Asp dipeptide. This plasmid is 
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constructed from three DNA fragments: 1) a vector fragment 
of 7.7 kb encoding the entire mJAK3 protein, obtained by 
digestion of pIKCD4-mJAK3 with SphI and Sail, 2) a 
fragment of 0.7 kb encoding the N-terminal portion of the 
SAb EXT domain, obtained by digestion of pIKSAb-£- 
mJAKl with SphI and BamHI, and 3) a fragment of 3.0 kb 
encoding the remainder of the SAb EXT domain, the CD4 
TM domain and the entire Syk protein, obtained by digestion 
of pIKSAb-Syk-mJAKl with BamHI and Sail. 

d) Construction of SAb-Syk-hTyk2 

pIKSAb-Syk-hTyk2 directs the expression of a hybrid 
protein consisting of the 98.6 EXT, CD4 TM and Syk CYT 
domain joined at their C-terminus to the entire human Ty)s2 
Janus kinase by a Val-Asp dipeptide. This plasmid is con- 
structed from three DNA fragments: 1) a vector fragment of 
IS kb encoding the C-terminus of hTyk2, obtained by 
digestion of pIKCD4-hTyk2 with EcoRI and BspEI, 2) a 1.6 
kb fragment encoding the SAb EXT and part of the CD4 TM 
domain, obtained by digestion of pIKSAb-mJAKl with 
EcoRI and NgoMI, and 3) an 2.3 kb fragment encoding the 
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Expression vectors for FKBP-Janus kinase and FKBP- 
cytokine receptor subunit hybrids are created by replacing 
the CD4 EXT and TM domains in CD4-Janus kinase and 
CD4<ytokine receptor subunit hybrids with an (FKBP) 3 
cassette consisting of three repeats of an FKBP module, each 
of which contains residues 2-108 of FKBP12, the human 
FK506 binding protein (Standaert et al. (1990) Nature 
346:671-674). The first FKBP module is preceded by an 
initiator Met codon, then a two amino linker, Val-Ghi. This 
same Val-Glu dipeptide is found between module 1 & 2 and 
between modules 2 & 3. The last module is followed by a 
Val-Asp dipeptide which links it to the first codon of the 
proliferation signalling domain. Other derivatives lacking 
the Val-Asp dipeptide or containing other oligo- or polypep- 
tide linkers at the junction of the (FKBP)3 cassette and the 
Janus kinase or cytokine receptor subunit CYT domain are 
constructed by oligonucleotide-directed mutagenesis. Still 
other derivatives of (FKBP) 3 lacking the Val-Glu dipeptide 
linkers or containing other oligo- or polypeptide linkers zsc 



remainder of the CD4 TM domain, the entire human Syk 20 constructed by oligonucleotide-directed mutagenesis. The 



protein and the N-terminus of hiyk2, obtained by digestion 
of pIKCD4-Syk-hTyk2 with NgoMI and BspEI. 

e) Construction of SAb-Syk-hJAK3 
pIKCD4-Syk-hJAK3 directs the expression of a hybrid 

protein consisting of the 98.6 EXT, CD4 TM and Syk CYT 
domain joined at their C-terminus to the entire human JAK3 
Janus kinase by a Val-Asp dipeptide. This plasmid is con- 
structed from three DNA fragments: 1) a vector fragment of 
7.7 kb encoding the entire hJAK3 protein, obtained by 
digestion of pIKCD4-hJAK3 with SphI and Sail, 2) a 
fragment of 0.7 kb encoding the N-terminal portion of the 
SAb EXT domain, obtained by digestion of pIKSAb-^- 
mJAKl with SphI and BamHI, and 3) a fragment of 3.0 kb 
encoding the remainder of the SAb EXT domain, the CD4 
TM domain and the entire Syk protein, obtained by digestion 
of pIKSAb-Syk-mJAKl with BamHI and Sail. 

f) Construction of SAb-Syk-hIL2Rp 
pIKSAb-Syk-hIL2Rp directs the expression of a hybrid 

protein consisting of the 98.6 EXT, CD4 TM and Syk CYT 
domain joined at their C-terminus to the human IL2Rf$ CYT 
domain by a Val-Asp dipeptide. This plasmid is constructed 
from three DNA fragments: 1) a vector fragment of 5.0 kb 
encoding the hIL2R|3 CYT domain, obtained by digestion of 
pIKCD4-hIL2Rp with SphI and Sail, 2) a fragment of 0.7 kb 
encoding the N-terminal portion of the SAb EXT domain, 
obtained by digestion of pIKSAb-£-mJAKl with SphI and 
BamHI, and 3) a fragment of 3.0 kb encoding the remainder 
of the SAb EXT domain, the CD4 TM domain and the entire 
Syk protein, obtained by digestion of pIKSAb-Syk-mJAKl 
with BamHI and Sail. 

g) Construction of SAb-Syk-hIL2RY 
pIKSAb-Syk-hIL2RY directs the expression of a hybrid 

protein consisting of the 98.6 EXT, CD4 TM and Syk CYT 
domain joined at their C-terminus to the human IL2Ry CYT 
domain by a Val-Asp dipeptide. This plasmid is constructed 
from three DNA fragments: 1) a vector fragment of 4.4 kb 
encoding the hIL2Ry CYT domain, obtained by digestion of 
pIKCD4-hIL2Ry with SphI and Sail, 2) a fragment of 0.7 kb 
encoding the N-terminal portion of the SAb EXT domain, 
obtained by digestion of pIKSAb-£-mJAKl with SphI and 
BamHI, and 3) a fragment of 3.0 kb encoding the remainder 
of the SAb EXT domain, the CD4 TM domain and the entire 
Syk protein, obtained by digestion of pIKSAb-Syk-mJAKl 
with BamHI and Sail. 

EXAMPLE 7 

CPRs containing an intracellular clustering domain: and a 
Janus kinase or cytokine receptor subunit proliferation sig- 
naling domain 
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(FKBP) 3 cassette is constructed in two steps. First, a plasmid 
containing the FKBP module, pFKBP, is constructed from 
two DNA fragment: 1) a vector fragment of 2.9 kb, obtained 
by digestion of pBluescriptSK (Strategene, La Jolla, Calif.) 
with Xhol and Sail, and treatment with calf intestine alkaline 
phosphatase, and 2) a DNA fragment of 0.3 kb encoding the 
FKBP module, obtained by PCR and digested with Xhol and 
Sail. The PCR product is prepared using as a template oligo^ 
dT-primed first-strand cDNA made from activated T cell 
mRNA (as described in Example 1) and oligos nucleotides 
27 and 28 (SEQ ID NOS: 27 & 28) as the PCR primers. 
DNA sequence analysis is employed to confirm the correct 
structure of the module. Secondly, plasmid pBSK(FKBP) 3 
containing the (FKBP) 3 cassette is constructed from three 
fragments: 1) a vector fragment of 2.9 kb, obtained by 
digestion of pBluescriptSK with EcoRI and Sail, 2) a DNA 
fragment of 1.0 kb encoding (FKBP) 3 , obtained by extensive 
self-ligation and subsequent digestion with Xhol and Sail of 
an 0.3 kb fragment encoding the FKBP module, obtained by 
digestion of pFKBP with Xhol and Sail, and 3) an EcoRI - 
Xhol adapter composed of oligos nucleotides 29 and 30 
(SEQ ID NOS. 29 & 30). 

a) Construction of FKBP-mJAKl 
pIKFKBP-mJAKl directs the expression of a hybrid 

protein consisting of the (FKBP)^ coding sequence of pBSK 
(FKBP) 3 joined at its C-terminus to the entire mouse JAK1 
Janus kinase by a Val-Asp dipeptide. This plasmid is con- 
structed from three DNA fragments: 1) a vector fragment of 
4.3 kb, obtained by digestion of the expression plasmid 
pIKl.l with EcoRI and Apal, 2) a fragment of 1.0 kb 
encoding the (FKBP^ cassette, obtained by digestion of 
pBSK(FKBP) 3 with EcoRI and Sail, and 3) a 3.6 kb frag- 
ment encoding the entire mJAKl protein, obtained by diges- 
tion of pIKCD4-mJAKl with Sail and Apal. 

b) Construction of FKBP-mJAK2 
pIKFKBP-mJAK2 directs the expression of a hybrid 

protein consisting of the (FKBP^ coding sequence of pBSK 
(FKBP) 3 joined at its C-terminus to the entire mouse JAK2 
Janus kinase by a Val-Asp dipeptide. This plasmid is con- 
structed from two DNA fragments: 1) a vector fragment of 
7.6 kb encoding the entire mJAK2 protein, obtained by 
digestion of pIKCD4-mJAK2 with SphI and Sail, and 2) a 
fragment of 1.1 kb encoding the (FKBP) 3 cassette, obtained 
by digestion of pIKFKBP-mJAKl with SphI and Sail. 

c) Construction of FKBP-mJAK3 
pIKFKBP-mJAK3 directs the expression of a hybrid 

protein consisting of the (FKBP^ coding sequence of pBSK 
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(FKBP) 3 joined at its C-tenninus to the entire mouse JAK3 strategy is used to create CPRs containing an (FKBP) 3 

Janus kinase by a Val-Asp dipeptide. This plasmid is con- cassette at the C-terminus of the chimeric protein (e.g., 

structed from two DNA fragments: 1) a vector fragment of CD4- Janus kinase-FKBP and CD4-cytokine receptor 

7.7 kb encoding the entire mJAK3 protein, obtained by subunit-FKBP) by inserting the (FKBP) 3 cassette after the 

digestion of pIKCD4-mJAK3 with SphI and Sail, and 2) a 5 proliferation signalling CYT domain. pIKCD4-(FKBP), is 

fragment of 1.1 kbencoding the (raP) 3 cassette, obtained co^ced from ^ DNA fog™^ 1) a vector fragment 

y ^K™^T^"p ^ W ' tb SPM SllL of 5.81cbencodmgth e CIMEXTandTMdomains,obUined 

SiS^kt^^^T .r** 2 . , . ... by digestion ofpIKl.lF3Sal with Sail foUowed by treatment 

.eiS S^o ^^ 0a ° f a hyb f nd P^ with calf intestine alkaline phosphatase, and 2) a 1.0 kb 

tern consisting of the (FKBP) 3 coding sequence of pBSK n - . # , /r _ n ; x * • , , 

(FKBP) 3 joined at its C-tenninls to the entire human Tyk2 10 , &ag T ^wr^lm ( ^ll 3 7^?%?* * 

Janus kinase by a Val-Asp dipeptide. This plasmid is con- H? 1 * ^J?*' ^ 

structed from three Defragments: 1) a vector fragment of A ."V ^ CorT * 1 ln - frame ° nentah °° 

7.5 kb encoding the C-terminus of hTyk2, obtained by confirmed by restncjion mapping, 

digestion of P IKCD4-hTyk2 with EcoW and BspEI, 2) a „ 1£™°p ^ h f",^ • 

fragment of 1.0 kb encoding the (FKBP) 3 cassette, obtained 15 PlKCD4-FKBP-rnJAKl ^ecbte expression of a hybrid 

by digestion of pIKFKBP-mJAKl with EcoRI and Sail, and P rot T ?°™ g of ^ CD^EKHFfc coding sequence 

3) a fragment of 03 kb encoding the N-terminus of the J ° med at ^V^T . , T- ^ 

hTyk2 protein, obtained by digestion of P IKCD4-hTyk2 £ naSC J' y lZ ~^ P 71115 P la f" d K ^'f™*? 

with Sail and BspEI fragments: 1) a vector fragment of 7.7 kb 

e) Construction of FKBP-bJAK3 20 ^I^K^^t £ A ^ Ca °l 
pIKFKBP-hJAK3 directs the expression of a hybrid pro- P™ 4 ""™ ^5^L a ° d SaU > and 1 2 ) a fragment of 

t •„ c iU /TTT^om r t?o^ 2.3 kb encoding CD4-(FKBP) : ,, obtained by digestion of 

of ^ (^P) 3 coding sequence of pBSK pIKCD4-(FKBP^3 with SphI and Sail. 

K&T? v , I T" 5 °H . hU T J b) Construction of CD4-FKBP-mJAK2 

Janus kinase by a Val-Asp dipeptide. This plasmid is con- „ . c^rm TAT ™ ,. . . r . L 

structed from two DNA fragments: 1) a vecior fragment of 25 P / KOT ^ P ^^^ 1 C ^ e D '? ,re ^° n ° f " hybnd 
7.7 kb encoding the entirrhJAK3 protein, obtained by P 1 ?** ff*^ of «he OM^FKBP), coding sequence 
digestion of pIKCD4-hJAK3 with SpM and Sail, and 2) a i° med at lte J^"™)* <° ««« mou f . JA *2 J«™» 
fragment of 11 kb encoding the (FKBP) 3 cassette, obtained a ' , P 15 "T^fS 

by digestion of pIKFKBP-mJAKl with SphI and Sail. m ft0m ! W0 ™ A f * 8men * J > a Tff* *T"!? • , 

f) Construction of FKBP-IL2RP 30 ^IvT'^f ^c^, P*"" 1 °J 
P IKFKBP-hIL2Rf5 directs the expression of a hybrid P/KCD4-mJAK2 ^ JpU and SaU and 2) a fragment of 

P rotemconsistmgofme(FKBP) 3 coIgsequenceofpBSK aid £. * g 

(FKBP) 3 joined at its C-terminus to the human IL2R(3 CYT P K ^4-(FKBP) 3 wrtb Sphi and SaU. 

domain by a Val-Asp dipeptide. This plasmid is constructed « C ™° f"^ • 

from two DNA fragments: 1) a vector fragment of 5.0 kb 35 PlKCD4-FKBP-mJAK3 dre^e expression of a hybrid 

encoding the hIL2R(5 CYT domain, obtained by digestion of P rote ^ of 0*<FKBF>, coding sequence 

P IKCD4-hIURp with SphI and Sail, and 2) a fragment of J ,° med at * J; 1 ™" to the entire mouse JAK3 Janus 

1.1 kb encoding the (FKBP) 3 cassette, obtained by digestion *°*»* ilf^ p ™* P la f»<> * ""f™?* 

of pIKFKBP-mJAlO. with SphI and Sail. torn ^ DNAfcigiiieiite 1) • ^ fir^t of 7.7 tt 

g) Construction of FKBP-IL2R Y 40 ^^J^'a^T^a S d l geStl ° n °l 
P IKFKBP-hIL2R Y directe the expression of a hybrid P, 1 ^ 4 -^^ 3 St a j ra 8 m . ent °f 

protein consisting of the (FKBP) 3 coding sequence of pBSK ^^S^ ^l^^ ? ^ * 111865,1011 ° f 

(FKBP) 3 joined at its C-lerminus to the human IL2Ry CYT P™-(FKBP) 3 with^Uand SaU^ 

domak oy a Val-Asp dipeptide. This plasmid is constructed „ ^^^^^^^ • f h K-^ 

from two DNA fragments- 1) a vector fragment of 4.4 kb 45 pIKCD4-FKBP-hTyk2 d^te^expression of a hybnd 

encoding the UL2Ry CYT domain, obtainedby digestion of ? rotem ^ g °f the f C °' KFI ? P ^ ^ ^ enoe 

P IKCD4-hIUR Y with SphI and Sail, and 2) a fragment of {° med at * <^™™« to ; he L5 ntlr = ^ JaDU f 

1.1 kb encoding the (FKBP) 3 cassette, obtained by digestion a n ^ P This plasnnd is constructed 

of pIKFKBP-mJAKl with SphI and Sail. irom three DNA fragments: 1) a vector fragment of 7.5 kb 

50 encoding the C-terminus of hTyk2, obtained by digestion of 

EXAMPLE 8 pDCCD4-hTyk2 with EcoRI and BspEI, 2) a fragment of 2.3 

CPRs containing a ligand-receptor (CD4) extracellular clus- kb encoding the CD4-(FKBP)3 cassette, obtained by diges- 

tering domain; an intracellular clustering domain; and a tion of pIKCD4-(FKBP)3 with EcoRI and Sail, and 3) a 

Janus kinase or cytokine receptor subunit proliferation sig- fragment of 0.3 kb encoding the N-terminus of the hTyk2 

naling domain 55 protein, obtained by digestion of pIKCD4-hiyk2 with Sail 

This class of chimeric receptors are created by the inser- and BspEI. 

tion of an (FKBP^ cassette into a CD4-Janus kinase or e) Construction of CD4-FKBP-hJAK3 

CD4-cytokine receptor subunit CPR between the TM pIKCD4-FKBP-hJAK3 directs the expression of a hybrid 

domain and proliferation signaling domain. These chimeric protein consisting of the CD4-(FKBP) 3 coding sequence 

receptors are constructed from pIKCD4-(FKBP)3, an inter- 60 joined at its C-terminus to the entire human JAK3 Janus 

mediate plasmid based on pDQ.lF3Sal. The proliferation kinase by a Val-Asp dipeptide. This plasmid is constructed 

signaling domain of a Janus kinase or cytokine receptor from two DNA fragments: 1) a vector fragment of 7.7 kb 

subunit is then joined at the C-terminus of CD4-(FKBP)3 encoding the entire hJAK3, obtained by digestion of 

using the unique Sail site which adds a Val-Asp dipeptide at pIKCD4-hJAK3 with SphI and Sail, and 2) a fragment of 2.3 

the junction. Derivatives lacking the Val-Asp dipeptide or 65 kb encoding CD4-(FKBP) 3 , obtained by digestion of 

containing other oligo- or polypeptide linkers are con- pDCCD4-(FKBP)3 with SphI and Sail, 

structed by oligonucleotide-directed mutagenesis. A similar f) Construction of CD4-FKBP-IL2RP 
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pIKCD4-FKBP-hIL2Rp directs the expression of a c) Construction of SAb-FKBP-mJAK3 

hybrid protein consisting of the CD4-(FKBP) 3 coding pIKSAb-FKBP-mJAK3 directs the expression of a hybrid 

sequence joined at its C-terminus to the ML2R0 CYT protein consisting of the SAb EXT domain, CD4 TM 

domain by a Val-Asp dipeptide. This plasmid is constructed domain and (FKBP) 3 cassette joined to the entire mouse 

from two DNA fragments: 1) a vector fragment of 5.0 kb 5 JAK3 Janus kinase by a Val-Asp dipeptide. This plasmid is 

encoding the hIL2Rp CYT domain, obtained by digestion of constructed from three DNA fragments: 1) a vector fragment 

pIKCD4-hIL2Rp with SphI and Sail, and 2) a fragment of of 7.7 kb encoding the entire mJAK3 protein, obtained by 

2.3 kb encoding CD4-(FKBP) 3 , obtained by digestion of digestion of pEKCD4-mJAK3 with SphI and Sail, 2) a 

pIKCD4-(FKBP)3 with SphI and Sail. fragment of 0.7 kb encoding the N-terminal portion of the 

g) Construction of CD4-FKBP-IL2Ry 10 SAb EXT domain, obtained by digestion of pIKSAb- 

pIKCD4-FKBP-hIL2Ry directs the expression of a hybrid mJAKl with SphI and BamHI, and 3) a fragment of 2.0 kb 

protein consisting of the CD4-(FKBP)3 coding sequence encoding the remainder of the SAb EXT domain, the CD4 

joined at its C-terminus to the ML2Ry CYT domain by a TM domain and the (FKBP^j cassette, obtained by digestion 

Val-Asp dipeptide. This plasmid is constructed from two of pIKSAb-FKBP-mJAKl with BamHI and Sail. 

DNA fragments: 1) a vector fragment of 4.4 kb encoding the 15 d) Construction of SAb-FKBP-hiyk2 

entire mJAKl, obtained by digestion of pDCCD4-hIL2RY pIKSAb-FKBP-hTyk2 directs the expression of a hybrid 

with SphI and Sail, and 2) a fragment of 23 kb encoding protein consisting of the SAb EXT domain, CD4 TM 

CD4-(FKBP) 3 , obtained by digestion of pIKCD4-(FKBP) 3 domain and (FKBP^ cassette joined to the entire human 

with SphI and Sail. iyk2 Janus kinase by a Val-Asp dipeptide. This plasmid is 

20 constructed from three DNAfragments: 1) a vector fragment 

EXAMPLE 9 of 15 kb encoding the C-terminus of the Tyk2 protein, 

CPRs containing antibody extracellular clustering domain, obtained by digestion of pIKCD4-hTyk2 with EcoRI and 

an intracellular clustering domain: and a Janus kinase or BspEI, 2) a fragment of 1.6 kb encoding the SAb EXT 

cytokine receptor subunit proliferation domain domain and a portion of the CD4 TM domain, obtained by - 

This class of chimeric receptors are created by the inser- 25 digestion of pIKSAb-mJAKl with EcoRI and NgoMI, and 

tion of an (FKBP) 3 cassette into a SAb- Janus kinase or 3) a fragment of 1.5 kb encoding the remainder of the CD4 

SAb -cytokine receptor subunit CPR between the TM TM domain, the (FKBP) 3 cassette and the N-terminus of 

domain and proliferation signalling domain. The prolifera- hiyk2, obtained by digestion of pIKCD4-FKBP-hTyk2 with 

tion signalling domain of a Janus kinase or cytokine receptor NgoMI and BspEI. 

subunit is joined at the C-terminus of SAb<FKBP) 3 using 30 e) Construction of SAb-FKBP-hJAK3 

the Sail site which adds a Val-Asp dipeptide at the junction. pIKSAb-FKBP-hJAK3 directs the expression of a hybrid 

Derivatives lacking the Val-Asp dipeptide or containing protein consisting of the SAb EXT domain, CD4 TM 

other oligo- or polypeptide linkers are constructed by domain and (FKBP) 3 cassette joined to the entire human 

oligonucleotide-directed mutagenesis. A similar strategy is JAK3 Janus kinase by a Val-Asp dipeptide. This plasmid is 

used to create CPRs containing an (FKBP) 3 cassette at the 35 constructed from three DNAfragments: 1) a vector fragment 

C-terminus of the chimeric protein (e.g., SAb-Janus kinase- 0 f 7.7 kb encoding the entire mJAK2 protein, obtained by 

FKBP and SAb-cytokine receptor subunit-FKBP) by insert- digestion of pIKCD4-hJAK3 with SphI and Sail, 2) a 

ing the (FKBP) 3 cassette after the proliferation signalling fragment of 0.7 kb encoding the N-terminal portion of the 

CYT domain. SAb EXT domain, obtained by digestion of pIKSAb- 

a) Construction of SAb-FKBP-mJAKl 40 mJAKl with SphI and BamHI, and 3) a fragment of 2.0 kb 
pIKSAb-FKBP-mJAKl directs the expression of a hybrid encoding the remainder of the SAb EXT domain, the CD4 

protein consisting of the SAb EXT domain, CD4 TM TM domain and the (FKBP) 3 cassette, obtained by digestion 

domain and (FKBP) 3 cassette joined to the entire mouse 0 f pIKSAb-FKBP-mJAKl with BamHI and Sail. 

JAK1 Janus kinase by a Val-Asp dipeptide. This plasmid is f) Construction of SAb-FKBP-IL2Rp 

constructed from three DNA fragments: 1) a vector fragment 45 pIKSAb-FKBP-hIL2Rp directs the expression of a hybrid 

of 7.7 kb encoding the entire mJAKl protein, obtained by protein consisting of the SAb EXT domain, CD4 TM 

digestion of pIKCD4-mJAKl with SphI and Sail, 2) a domain and (FKBP^ cassette joined to the hIL2Rp CYT 

fragment of 17 kb encoding the SAb EXT domain and a domain by a Val-Asp dipeptide. This plasmid is constructed 

portion of the CD4 TM domain, obtained by digestion of from three DNA fragments: 1) a vector fragment of 5.0 kb 

pIKSAb-mJAKl with SphI and NgoMI, and 3) a 1.0 kb 50 encoding the hIL2Rp CYT domain, obtained by digestion of 

fragment encoding the remainder of the CD4 TM domain P IKCD4-hIL2Rp with SphI and Sail, 2) a fragment of 0.7 kb 

and the (FKBP^ cassette, obtained by digestion of pIKCD4- encoding the N-terminal portion of the SAb EXT. domain, 

(FKBP) 3 with NgoMI and Sail. obtained by digestion of pIKSAb-mJAKl with SphI and 

b) Construction of SAb-FKBP-mJAK2 BamHI, and 3) a fragment of 2.0 kb encoding the remainder 
pIKSAb-FKBP-mJAK2 directs the expression of a hybrid 55 of the SAb EXT domain, the CD4 TM domain and the 

protein consisting of the SAb EXT domain, CD4 TM (FKBP) 3 cassette, obtained by digestion of pIKSAb-FKBP- 

domain and (FKBP) 3 cassette joined to the entire mouse mJAKl with BamHI and Sail. 

JAK2 Janus kinase by a Val-Asp dipeptide. This plasmid is g) Construction of SAb-FKBP-IL2Ry 

constructed from three DNAfragments: 1) a vector fragment pIKSAb-FKBP-hIL2Rv directs the expression of a hybrid 

of 7.6 kb encoding the entire mJAK2 protein, obtained by 60 protein consisting of the SAb EXT domain, CD4 TM 

digestion of pIKCD4-mJAK2 with SphI and Sail, 2) a domain and (FKBP) 3 cassette joined to the hIL2Ry CYT 

fragment of 0.7 kb encoding the N-terminal portion of the domain by a Val-Asp dipeptide. This plasmid is constructed 

SAb EXT domain, obtained by digestion of pIKSAb- from three DNA fragments: 1) a vector fragment of 4.4 kb 

mJAKl with SphI and BamHI, and 3) a fragment of 2.0 kb encoding the hIL2Ry CYT domain, obtained by digestion of 

encoding the remainder of the SAb EXT domain, the CD4 65 pIKCD4-hIL2RY with SphI and Sail, 2) a fragment of 0.7 kb 

TM domain and the (FKBP) 3 cassette, obtained by digestion encoding the N-terminal portion of the SAb EXT domain, 

of pIKSAb-FKBP-mJAKl with BamHI and Sail. obtained by digestion of pIKSAb-mJAKl with SphI and 
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BamHI, and 3) a fragment of 2.0 kb encoding the remainder 
of the SAb EXT. domain, the CD4 TM domain and the 
(FKBP) 3 cassette, obtained by digestion of pIKSAb-FKBP- 
mJAKl with BamHI and Sail. 

EXAMPLE 10 5 

Expression of CPRs 

To determine whether CPR polypeptides can be expressed 
and properly folded, each construct was initially transfected 
into a model mammalian cell, the human 293 embryonic 
kidney cell line (ATCC CRL1573). Following transfection, 10 
the expression of each construct was evaluated by 
radioimmunoprecipitation, and its transport to the cell sur- 
face (for CPRs comprising a ligand-receptor or antibody 
EXT domain) was evaluated by fluorescent-activated cell 
sorting (FACS) analysis. 15 

a) Transfection of human 293 cells with CPR expression 
vectors CPRs were constructed in pIK mammalian expres- 
sion plasmids as described and transfected into human 293 
cells. 293 cells were grown in complete DMEM (JRH 
Biosciences, Lenexa, Kans.), 1 g/1 glucose, 10% donor calf 20 
serum (JRH Biosciences) and passaged at 1:10 split ratio 
every 3 days. TVenty-four hours prior to transfection, 293 
cells were plated at 5x10 s cells per 10 cm plate. Ten 
micrograms of plasmid DNA was transfected onto a 10 cm 
dish of 293 cells by the calcium phosphate coprecipitation 25 
method (Wigler et al. (1979) Cell 16:777). Twenty-four 
hours after transfection, the cells were fed with fresh com- 
plete DMEM media. The expression of CPRs was evaluated 
by FACS analysis and radioimmunoprecipitation at 48 hours 
post-transfection. 30 

b) FACS analysis of CPR expression in 293 cells . 
Transfected 293 cells were rinsed once with PBS and 

incubated in 150 mM NaCl, 40 mM Tris-HCl pH7.5, 1 mM 
EDTA solution for 5 minutes at room temperature. Cells 
were collected from plates, centrifiiged and resuspended in 35 
PBS/1% FCS. Approximately lxl0 a cells/sample were 
stained directly with saturating concentrations of a fluores- 
cein (FITC)-conjugated anti-CD4 monoclonal antibody 
(MAb) (Becton Dickinson Immunocytometry Systems, San 
Jose, Calif.). Mouse FITC-IgGl and PE-IgG2a were used as 40 
negative control MAbs. 293 cells transfected with 10 fig of 
PIKF3, which expresses CD4-£, were used as a positive 
control. All FACS analyses were performed in a FACScan 
(Becton Dickinson) as previously described (Weiss and 
Stobo, (1984)7. Exp. Me±, 160:1284-1299). FACS analysis 45 
of cells transfected with CPRs containing a CD4 EXT 
clustering domain demonstrated that up to 50% of cells were 
stained positive with the anti-CD4 MAb (FIG. 3(A)-(L)). 
293 cells transfected with CPR constructs containing a SAb 
EXT clustering domain are evaluated for expression of the so 
CPR by staining with a fluoresce in-conjugated mouse anti- 
human Ig MAb, using isotype-matched mouse FlTC-IgG as 
a negative control. 293 cells transfected with CPR constructs 
containing an intracellular clustering domain (e.g., FKBP, 
glucocorticoid receptor) are evaluated for expression of the 55 
CPR by first partially permeabilizing the cells with 70% 
methanol for 30 seconds on ice, followed by staining the 
cells with FITC-conjugated anti-PSD antibody (see 
Example 10C). An isotype matched mouse FITC-IgG is 
used as a negative control. 60 

c) Radioimmunoprecipitation of CPRs expressed in 293 
cells 

Transfected 293 cells were rinsed once with RPMI 
medium lacking methionine. Cells were cultured for addi- 
tional 8 hours in 2 /d of methionine-deficient RPMI supple- 65 
mented with 200 ^Ci p 5 S]-methionine (1160 C/mmol, ICN 
Biomedicals, Inc., Irvine, Calif.). The labelled cells were 



lysed in RIPA buffer (50 mM Tris, 150 mM NaCl, 1% 
Triton-X 100, 0.5% deoxycholate, 0.1% sodium dodecyl 
sulfate (SDS)). For immunoprecipitation, cell lysates were 
precleared with 10 fA Pansorbin (Calbiochem, La Jolla, 
Calif.) and incubated with either OKT4A (anti-CD4) (Ortho 
Diagnostic Systems, Raritan, NJ.), polyclonal anti-mouse/ 
human JAK1 (UBI, Lake Placid, N.Y.), polyclonal anti- 
mouse JAK2 (UBI), or polyclonal anti-mouse JAK3 (UBI), 
at 4° C. for 1 hour. Ten microliters of Pansorbin was then 
added to the lysates to precipitate the antibody-bound anti- 
gen. Immunoprecipitates were washed three times in RIPA 
buffer, boiled in SDS sample buffer (50 mM Tris-HCl, pH 
6.8, 100 mM DTT, 2% SDS, 0.1% bromophenol blue, 10% 
glycerol) and analyzed by 8% SDS-polyacrylamide gel 
electrophoresis (SDS-PAGE). Gels were fixed in 20%" 
methanol/10% acetic acid and soaked in Enlightening solu- 
tion (NEN Research Products, Boston, Mass.) for 15 min, 
dried and subjected to autoradiography. SDS-PAGE analysis 
revealed the expression of CPRs in 293 cells of the expected 
molecular mass (FIG. 4) 

EXAMPLE 11 
Biochemical and biological properties of CPRs expressed in 
human CD8 + T cells 

a) Construction of CPR -expressing retroviral vectors 
Sequences encoding the CPRs CD4-mJAKl, CD4-£- 

mJAKl, CD4-mJAK3, CD4-£-mJAK3, CD4-hTyk2, and 
CD4<-hiyk2 were inserted between the EcoRI and Apal 
sites in pIKl.l, and were subsequently excised and inserted 
between analogous EcoRI and Apal sites of pRT43.2F3, 
described in U.S. patent application Sen No. 08/258,152 
incorporated herein in ils entirety by reference, generally as 
two subfragments to avoid internal EcoRI or Apal sites 
within the CPR constructs. One skilled in the art can readily 
devise schemes for producing retroviral vectors containing 
other CPRs. 

b) Infection of human CD8* T cells with CPR-expressing 
retroviral vectors 

Human CD8 + T lymphocytes were isolated from periph- 
eral blood lymphocytes (PBL) obtained from healthy donors 
by purification with the CEPRATE LC system (CellPro, 
Inc., Bothell, Wash.), followed by negative selection against 
CD4 + cells using a T-25 MicroCELLector (AIS, Inc., Santa 
Clara, Calif.). The final purified cell population contained 
greater than 98% CD8+ cells according to FACS analysis. 
Immediately after purification, cells were stimulated for 24 
hours with an equal number of y-irradiated autologous 
PBMCs in AIM-V media (GibcoBRL, Grand Island, N.Y.) 
containing 10 ng//d of OKT3 MAb and 100 units of human 
IL-2 (Chiron Corp., Emeryville, Calif.). Cells were then 
washed free of OKT3 and cultured in AR media (50% 
AIM-V, 50% RPMI, 4 mM Glutamine, 20 mM Hepes, 1 mM 
Na-Pyruvate, non-essential amino acids, and 100 units 
human 11^2) supplemented with 5% heat inactivated human 
AB plasma (Sigma, St. Louis, Mo.). Retrovirus was pre- 
pared in the TTN-4 cell line derived from thymidine kinase- 
expressing human 293 cells. For the transduction of human 
CD8 + cells, TIN-4 cells were seeded at 5x10 s cell/plate in 
6 -we 11 plates (Corning Glass, Corning, N.Y) in complete 
DMEM medium 48 hours prior to transfection. Ten micro- : 
grams of CPR construct in the retroviral vector pRT43.2 
were transfected per plate in the absence or presence of 
packaging plasmids by the calcium phosphate coprecipita- 
tion method. Following transfection, 1.5 ml of fresh AR 
medium containing 100 units/ml of human IL-2 was added 
to each well of the plate. Three hours later, 5x10 s of CD8* 
T cells in AR media containing 100 units/ml of human IL-2 
and 2 /<g/ml of polybrene were added to each well of the 
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plate. CD8* T ceils were removed from the 6-well plates 24 are evaluated for their CPR-associated tyrosine kinase activ- 

hours later and then transduced a second time by the same ity. Immunoprecipitates prepared from CPR-transduced 

procedure. Newly transduced CD8 + T cells were maintained human CD8 + T cells using either OKT4A, anti-human Fc 

in AR media. Mab, anti-human/mouse JAK1, anti-mouse JAK2, anti- 

c) FACS analysis of CPR expression in human CD8* T 5 m0U se JAK3, anti-human JAK3 or anti-human-Tyk2, as 

. . - „ . , described above, are washed three times with protein 

At various times following tran^uction CDS* T cells t ine } ^ buffer and once ^ buffer lDO mM 

were harvested and washed with PBS/1% FCS Appro*- MnC ^ 50 mM Tris . HC1> H 7 5) react J ons are 

m ^ y H- f pa^ . cells were stained with specific pGliormcd m 25 ^ of bu ' ffer COIltaining 10 ^ ci 

antibodies for FACS analysis as described in Example 10B. -rt nlA ™ /AC ,Jwv , A . v „ „ & . ^ _ 

As shown in Table 1, chimeric proliferation receptors can be 10 r-[32-P]ATP (95,000 C^ole, Amersham). Following a 5 

expressed on the surface of CD8 + T cells. minute mcubahon at 25 C the reactions are terminated by 

addition of equal volume of 2xSDS sample buffer, boiled for 

TAm c t ^ minutes and subjected to SDS-PAGE. The gel is fixed, 

,Amji 1 treated with 1M KOH at 55° C. for 1 hour to remove 

15 serine/threonine phosphorylated residues, refixed, dried and 
subjected to autoradiography. 

g) Proliferative response of CPR-expressing human CD8 + 
T cells 

To evaluate the ability of CPR-expressing CD8 + T cells to 

20 proliferate in an antigen-driven or inducer molecule-driven 
fashion, cells are first rested by serum starvation for 16 
hours. Cells are then placed in culture dishes coated with 

d) Immunoprecipitation analysis of CPR expression in saturating concentrations of either OKT4A, anti-human Fc 
human CD8 + T cells Mab, gpl20, gpl60-expressing cells, gp41/gpl20- 

At various times following transduction, human CD8+ T 2 s expressing cells, HIV-1 infected cells or FK1012. After 5 to 

cells are harvested and placed in methiouine-depleted AR 48 hours, the total cell numbers is determined by counting, 

media supplemented with 200 ,oCi [ 35 S]-methionine (1160 following staining with trypan blue/PBS. The cell number is 

Ci/mmol, ICN Biomedicals, Inc.). Cells are lysed in RIPA compared with the original cell number, and the cell nun> 

buffer, precleared with 10 Pansorbin (except cells bers obtained ^ starvation ^ or without stimulation 

expresssed SAb^ontammg CPRs) (Calbioch^ U Jolla, 3Q with media containing human serum. In addition, analysis of 

Calif.), and then incubated with either OKT4A (Ortho ^iMar proH f e ration is carried out by measuring radioactive 

Diagnostic Systems), polyclonal anti-mouse/human JAK1 - ^ „ * , r f . , , 

(UBI, Lake Placid, NT), polyclonal anti-mouse JAK2 thymine mcorporauon. Cells are starved for 16 hours and 

(UBI), or polyclonal anti-mouse JAK3 (UBI) at 4° C. for 1 * quadruplicate into microliter plates at 5x10* 

hour. Ten microliters of Pansorbin are then added to the cells/welh TTie plates are either coated with OKT4A or 

lysates to precipitate the antibody-bound antigen. The 35 anti-gpl20, gpl60-expressing cells, gp41/gpl20-expressmg 

immunoprecipitates are washed three times in RIPA buffer, ^Us, KIV-1 infected cells or FK1012. Cells are cultured 

boiled in SDS sample buffer and analyzed by 7.5% SDS- under these conditions for up to three days, and thymidine- 

polyacrylamide gel electrophoresis. Gels are fixed in 20% incorporation is measured in a liquid scintillation counter 

methanol/ 10% acetic acid and then soaked in Enlightening after pulsing the cells for the last 8 hours with 1 juCi/well of 

solution (NEN Research Products, Boston, Mass.) for 15 40 pHjthymidine (NEN Corp, Boston, Mass.). 

minutes, dried and subjected to autoradiography. SDS- h) C-myc induction in CPR-expressing human CD8 + T 

PAGE analysis reveals the molecular mass of CPRs cells 

expressed in human CD8* T cells. To evaluate the induction of the c-myc proto-oncogene in 

e) Analysis of CPR-expressing human CD8 + T cells for CPR-expressing CD8 + T cells stimulated with a specific 
phosphotyrosine content 45 antigen or inducer molecule, mRNA is prepared using a Fast 

To assess the phosphotyrosine content of human CD8 + T Track mRNA isolation kit (Invitrogen, San Diego, Calif.), 

cells expressing CPRs, 5x10 s cells are lysed in protein Two micrograms of mRNA is denatured with formaldehyde/ 

phosphotyrosine lysis buffer (1% Nonidet P-40, 150 mM formamide and run on a 1% agarose-formaldehyde gel as 

NaCl, 10 mM Tris-HCl, pH 7.5, 1 mM phenylmethylsulfo- described (Sambrook et al, Molecular Cloning, Cold Spring 

nyl fluoride, 10/ig/ml aprotinin, 10 //g/ml pepstatin, 100 uM 50 Harbor Laboratory Press, 1989). The mRNA is transferred 

orthovanadate) at 4° C. for 15 min, and immunoprecipitated overnight by capillary action to a nitrocellulose membrane 

with either OKT4A, anti-human/mouse JAK1, anti-mouse (Schleicher and Schuell, Keene, N.H.) in lOx SSC buffer. 

JAK2, anti-mouse JAK3, anti-human JAK3 or anti-human- The membrane is hybridized overnight with a c-myc probe 

Tyk2. The immunoprecipitates are separated by 7.5% SDS- at 65° C. in 6x SSC, 0.5% sodium dodecyl sulfate and 100 

PAGE and the proteins are transferred electrophoretically to 55 mg/ml of denatured herring sperm DNA, washed in 0.2x 

a nitrocellulose membrane in transfer buffer (20 mM Tris, SSC and subjected to autoradiography. Hie c-myc probe is 

150 mM glycine, 20% methanol, 0.2% SDS) at 50 volts for prepared with a 1 kb Clal-EcoRI fragment obtained from 

4 hours. Membranes are blocked in TBST (10 mM Tris-HCl, pMyc6514 (Battey et al, Cell 34, 779-787, 1983) which 

pH 8, 150 mM NaCl, 0.05% Tween-20) containing 1% BSA contains the third exon of human c-myc. Radiolabelling of 

and then incubated with primary anti-phosphotyrosine anti- 60 the probe is carried by random priming with E. coli DNA 

body 4G10 (UBI). The membrane is developed using the polymerase, dNTPs and a [32-P]dCTP (3000 Ci/mmole, 

enhanced chemiluminescence (ECL) detection system Amersham, Arlington Heights, 111.) as described (Sambrook 

(Amersham, Arlington Height, 111.). et al). As a control for the amount of RNA loaded on the gel, 

f) Analysis of CPR-expressing human CD8 + T cell lysates the nitrocellulose membrane is rehybridized with a 1.3 kb 
for in vitro kinase activity 65 mouse 0-actin probe (Stratagene, La Jolla, Calif.). A Phos- 

As JAK kinases have the ability to be pholmager (Molecular Devices, Menlo Park, Calif.) is used 

autophosphorylated, human CD8 + T cells expressing CPRs to quantitate the amount of probe bound to the membrane. 
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i) Calcium mobilization response in CPR-expressing 
human CD8* T cells 

The mobilization of intracellular [Ca 2+ ] by CPR- 
expressing human CD8 + T cells is measured using Indo-1 
acetomethoxyester (Molecular Probes, Eugene, Oreg.) on a 
FACStar Plus (Beckton Dickinson). Cells are collected by 
centrifiigation, resuspended at 3xl0 6 /ml in complete 
medium containing 1 mM Indo-1 (Grynkiewicz et aL, 
(1985)7. Biol Chem. 260:3440-3450) and incubated at 37° 
C. for 45 min. The Indo-l-loaded cells are pelleted and 
resuspended at lxl0 6 /ml in serum -free medium. Cells are 
then stimulated by treatment with either saturating levels of 
OKT4A or anti-human Fc Mab and cross-linking goat 
anti-mouse IgG, gpl20, gpl60-expressing cells, HIV-1 
infected cells or FK1012, and fluorescence is measured. 
Maximal fluorescence is determined after lysis of cells with 
Triton X-100; minimal fluorescence is obtained after chela- 



10 



15 



labeled at 37° C. overnight with lQaCi [ 3 H]TdR (Roberts et 
al., Blood 84:2878-2889 (1994)), washed and aliquoted to 
96-well V-bottom plates at lxlOVwell: Serial dilutions of 
CPR-expressing human CD8* T cells are made to achieve an 
effector to target (E:T) ratio ranging from 100:1 to 0.1:1. 
Sample are set up in triplicate and incubations are carried out 
for 6 hours at 37° C. Following incubation, aliquots of the 
culture supernatant are removed and counted in a liquid 
scintillation counter. Spontaneous release (SR) is obtained in 
a negative control sample lacking CPR-expressing human- 
CD8 + T cells; maximum release (MR) is obtained from a 
positive control sample by lysing target cells with IN HC1. 
The percent specific lysis is calculated from the following 
equation: 

% specific lysis-(SR epM -Samplc^J/(Sample^-MR c/M( >100%. 



tion of Ca 2 * with EGTA. Intracellular [Ca 2 *] is determined 

using the following equation: [Ca^-K^F^^^F,^/ All publications, patents, and patent applications men- 

(Fmax-F observed)* with K,«250 nM as described 20 uoned m this specification are herein incorporated by ref- 

(Grynkiewicz, 1985). erence to the same extent as if each individual publication or 

j) Cytolytic activity of CPR-expressing human CD8 + T patent application was specifically and individually indi- 

cells cated to be incorporated by reference. 

To determine the cytolytic activity of CPR-expressing The invention now being fully described, it will be 

human CD8 + T cells, in vitro cytolytic assays are carried out 25 apparent to one of ordinary skill in the art that many changes 

with target cells expressing HIV-1 antigens. Gpl60- and modifications can be made thereto without departing 

expressing 293 cells or HIV-1 infected human T cells are from the spirit or scope of the appended claims. 



SEQUENCE LISTING 

( 1 ) GENERAL INFORMATION: 

( i i i ) NUMBER OF SEQUENCES: 31 

( 2 ) INFORMATION FOR SEQ XD NO:l: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 39 base pairs 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( i i ) MOLECULE TYPE: DNA (genomic) 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:L- 

CCTGCTGAAC TTCACTCTGT CGACACAGAA GAAGATGCC 

( 2 ) INFORMATION FOR SEQ ID NO:2: 

( i ) SEQUENCE CHARACTERISTICS: 

( A ) LENGTH: 40 base pairs • 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( i i ) MOLECULE TYPE: DNA (genomic) 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:2: 

T CG A CAT GC A GTATCTAAAT ATAAAAGAGG ACTGCAATGC 



( 2 ) INFORMATION FOR SEQ ID NO:3: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 40 base pairs 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 
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( i I ) MOLECULE TYPE: DNA (genomic) 
( z i ) SEQUENCE DESCRIPTION: SEQ H> NO:3: 
CATGGCATTC CACTCCTCTT TTATATTTAG ATACTGCATG 

( 2 ) INFORMATION FOR SEQ ID NO:4: 

( I ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 21 base pairs 
C B ) TYPE: nucleic acid 
( C ) STRANDED NESS: single 
( D ) TOPOLOGY: linear 

( i i ) MOLECULE TYPE: DNA (genomic) 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:4: 

TATGTGTCAG TGGGG CGGGC C 

( 2 ) INFORMATION FOR SEQ ID N03: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 15 base pairs 
( B ) TYPE: nucleic add 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( i i ) MOLECULE TYPE: DNA (genomic) 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:5: 

CGCCCCACTG ACACA 

( 2 ) INFORMATION FOR SEQ ID NO:6: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 41 base pahs 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( i i ) MOLECULE TYPE: DNA (genomic) 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO*: 

GTAAGGCAGG CCATTCCCAT GTCGACACAG AAGAAGATCC C 

( 2 ) INFORMATION FOR SEQ ID NO:7: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 16 base pain 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( i i ) MOLECULE TYPE: DNA (genomic) 

( x f ) SEQUENCE DESCRIPTION: SEQ ID NO:7: 

TCTGTGTCGA CATGGG 

( 2 ) INFORMATION FOR SEQ ID NCh& 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 45 base pairs 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( i I ) MOLECULE TYPE: DNA (genomic) 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NOA 
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TCGACATGCC ACCTCCAAGT GAGGAGACAC CTCTGATCCC TCAGC 

( 2 ) INFORMATION FOR SEQ ED NOS: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH; 41 base pahs 
( B ) TYPE: nucleic acid 
( C ) STRANDED NESS: single 
( D ) TOPOLOGY: Linear 

( i i ) MOLECULE TYPE: DNA (genomic) 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NOS: 

GCTGAGGGAT CAGAGGTGTC TCCTCACTTG GAGGTGCCAT G 

( 2 ) INFORMATION FOR SEQ ID NO:10: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH; 23 base pairs 
( B ) TYPE: nucleic ack) 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( i i ) MOLECULE TYPE: DNA (genomic) 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:10: 

GATCCCTAGT TTATTCATGG GCC 

( 2 ) INFORMATION FOR SEQ ID NO:ll: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH; 15 base pairs 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( i i ) MOLECULE TYPE: DNA (genomic) 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:ll: 

CATGAATAAA CTAGG 

( 2 ) INFORMATION FOR SEQ ID NO:12: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH; 42 base pairs 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( i i ) MOLECULE TYPE: DNA (genomic) 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:12: 

CATCCCCCAG TGGCGCAGAG GCATGTCGAC AGAGTGAAGT TC 

( 2 ) INFORMATION FOR SEQ ID NO-.13: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 16 base pairs 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( i i ) MOLECULE TYPE: DNA (genomic) 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:13: 

GTCGACATGC CTCTGC 



( 2 ) INFORMATION FOR SEQ ID NO:14: 
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( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 39 base pain 
( B ) TYPE; nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( i i ) MOLECULE TYPE: DNA (genomic) 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:l4: 

GGGCCGCCGC AATTCCATGT CGACACAGAA GAAGATGCC 39 



( 2 ) INFORMATION FOR SEQ ID NO:15: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 16 base pahs 
( B ) TYPE: nocteic add 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 
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( i i ) MOLECULE TYPE: DNA (genomic) 



( r i ) SEQUENCE DESCRIPTION: SEQ ID NO:15: 
TCTGTGTCGA CATGGA 



( 2 ) INFORMATION FOR SEQ ID NO:16: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 17 base paiis 
( B ) TYPE: nodeic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 



( i i ) MOLECULE TYPE: DNA (genomic) 



( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:16: 
CCTCAACAGG GTCCTTC 



( 2 ) INFORMATION FOR SEQ ID NO:17: 



( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 30 base pairs 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( i i ) MOLECULE TYPE: DNA (genomic) 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:l7: 

GCTGATCGTC GACAACTGCA GGAACACCGG 



( 2 ) INFORMATION FOR SEQ ID NCU8: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 31 base pairs 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( i i ) MOLECULE TYPE: DNA (genomic) 

( i i ) SEQUENCE DESCRIPTION: SEQ ID NO:l& 



( 2 ) INFORMATION FOR SEQ ID NO:19: 



( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 40 base pairs 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 
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( i i ) MOLECULE TYPE: DNA (genomic) 
( x i ) SEQUENCE DESCRIPTION; SEQ ID NO:19: 
GAAGAGCAAG CGCCATGTTG AAGCCATCAT TACCATTCAC 40 



( 2 ) INFORMATION FOR SEQ ID NO:20: 

( i ) SEQUENCE CHARACTERISTICS; 

( A ) LENGTH: 40 base pairs 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( i i ) MOLECULE TYPE: DNA (genomic) 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:2Ch 

AGCCTGAAAC CTGAACCCCA ATCCTCTGAC AGAAGAACCC 40 



( 2 ) INFORMATION FOR SEQ ID NO:21: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 49 base pairs 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( i i ) MOLECULE TYPE: DNA (genomic) 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:21: 

CTGGCTGGTC GACCAACGGA CGATGCCCCG CATTCCCACC CTGAAGAAC 49 



( 2 ) INFORMATION FOR SEQ ID NO:22: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 32 base pairs 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( i i ) MOLECULE TYPE: DNA (genomic) 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:22: 

GATTCCGGGA TATCTCAGGT TTCAGGCTTT AG 32 



( 2 ) INFORMATION FOR SEQ ID NO:23: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 42 base pairs 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( i i ) MOLECULE TYPE: DNA (genomic) 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:23: 

GAAATCCCCT GGCTGTTAGT CGACGCGAGG GGGCAGGGCC TG 42 



( 2 ) INFORMATION FOR SEQ ID NO:24: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 16 base pahs 
( B ) TYPE: nucleic add 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( i I ) MOLECULE TYPE: DNA (genomic) 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:24: 
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TCTTAGTCGA CGCGAG 16 

( 2 ) INFORMATION FOR SEQ ID NO:25: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 30 base pain 
( B ) TYPE: nucleic add 
( C ) STRAND ED NESS: single 
( D ) TOPOLOGY: linear 

( i i ) MOLECULE TYPE: DNA (genomic) 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:25: 

GGTCCACTCG AGATGGCCAG CAGCGGCATG 30 

( 2 ) INFORMATION FOR SEQ ID NO:26: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 41 base pahs 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: iiaear 

( i i ) MOLECULE TYPE: DNA (genomic) 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:26: 

CCAGGTCCGA TATCTTAGTC GACGTTCACC ACGTC AT AGT A 41 

( 2 ) INFORMATION FOR SEQ ID NO:27: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 32 base pairs 
( B ) TYPE: nucleic acid 
< C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( i i ) MOLECULE TYPE: DNA (genomic) 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:27: 

GACTGACTCT CGAGGGCGTG CAGGTGGAAA CC 32 

( 2 ) INFORMATION FOR SEQ ID NO:28: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 32 base pahs 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( i i ) MOLECULE TYPE: DNA (genomic) 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:2& 

GACTGACTGT CGACTTCCaG TTTTAGAAGC TC 32 

( 2 ) INFORMATION FOR SEQ ID NO:29: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 18 base pairs 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( i i ) MOLECULE TYPE: DNA (genomic) 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:29: 

AATTCAAGGC CACAATGC 18 



( 2 ) INFORMATION FOR SEQ ID NO-.30: 
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( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 18 base pahs 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( i i ) MOLECULE TYPE* DNA (genomic) 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:30: 

TCGAGCATTG TGGCCTTG 18 



( 2 ) INFORMATION FOR SEQ ID NO:31: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 14 ammo acids 
( B ) TYPE: amino acid 

( C ) STRANDEDNESS: single % 
( D ) TOPOLOGY: linear 

( i i ) MOLECULE TYPE: peptide 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:31: 

Gty Ser Tbr Ser Gly Ser Gly Lys Ser Ser Gin Gly Lys Gly 
1 5 10 



What is claimed is: 

1. A method of inducing a cell to proliferate comprising: 

(a) introducing a proliferation receptor construct into said 
cell under conditions suitable for expression to produce 30 
a cell expressing a proliferation receptor protein; and 

(b) contacting said receptor in said cell with an inducer, 
said construct comprising in reading frame: 

a DNA sequence encoding an intracellular inducer- 
responsive clustering domain comprising an immu- 35 
nophilin or a cyclophilin; and 

a DNA sequence encoding a proliferation signaling 
domain comprising a Janus tyrosine kinase. 

2. The method of claim 1 wherein said cell is selected 
from the group consisting of a nerve cell, a keratinocyte cell, 40 
islet of Langerhans cell, a muscle cell, or a hematopoietic 
cell. 

3. A method of inducing a cell to proliferate comprising: 
(a) introducing a proliferation receptor construct into said 

cell under conditions suitable for expression to produce 45 
a cell expressing a proliferation receptor protein; and 



(b) contacting said receptor in said cell with an inducer, 
said construct comprising in reading frame: 
a DNA sequence encoding a signal sequence; 
a DNA sequence encoding an extracellular inducer- 
responsive clustering domain that binds specifically 
to at least one inducer molecule which results in the 
dimerization or oligomerization of said extracellular 
domain; 

a DNA sequence encoding a transmembrane domain; 
and 

a DNA sequence encoding a proliferation signaling 
domain comprising a Janus tyrosine kinase. 

4. The method of claim 3, wherein said extracellular 
domain is an antibody, a single chain antibody or an antigen 
binding fragment of said antibody. 

5. The method of claim 4, wherein said extracellular 
domain is CD8 or CD4. 
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ABSTRACT 



Novel multispecific chimeric receptor DNA sequences, 
expression cassettes and vectors containing these sequences 
as well as cells containing the chimeric DNA and novel 
chimeric receptor proteins expressed from the sequences are 
provided in the present invention. The novel multispecific 
chimeric receptor DNA and amino acid sequences comprise 
at least three domains that do not naturally exist together (1) 
a multispecific binding domain comprising at least two 
extracellular inducer-responsive clustering domains which 
serves to bind at least one specific inducer molecule, (2) a 
transmembrane domain, which crosses the plasma' 
membrane, and (3) either a proliferation signaling domain 
that signals the cell to divide, or an effector function 
signaling domain which directs a host cell to perform its 
specialized function. Optionally, all the multispecific chi- 
meric receptors may contain one or more intracellular 
inducer-responsive clustering domains attached to one or 
more of the cytoplasmic signaling domains or the transmem- 
brane domain. The present invention also relates to novel 
hybrid multispecific chimeric receptors comprising at least 
one proliferation signaling domain and at least one effector 
function signaling domain together on the multispecific 
receptor molecule. The present invention further relates to 
therapeutic methods and strategies that employ the cells 
expressing these novel chimeric receptors for the treatment 
of cancer, infectious disease and autoimmune disease which 
may have greater therapeutic benefit over a combination of 
drug therapies. 

47 Claims, 4 Drawing Sheets 
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0LIG0 1 CTGCGTCAACACAGACTGTGAGGA6ACGGTGACCAG 
0LIG0 2 ACAGACTGTGAGGAGA 

OLIGO 3 CTGCGTCAACACAGACTGACCCTTACCCTCAGAAGATTTA- 
CCCGACCCCGAGGTCGACCCTGAGGAGACGGTGACCAG 

OLIGO 4 AGAAGATTTACCCGAC 

OLIGO 5 CTGCGTCAACACAGACTGACCGTCCTTCTTAGCGTCGTCC 

TTCTTAGCGTCGTCCTTCTTAGCAGCGTCCTTCTTAGCGTCGT 
CAGCGGAAGATGAGGAGACGGTGACCAG 



OLIGO 6 GCGTCGTCCTTCTTAG 

OLIGO 7 CTGCGTCAACACAGACTGTGGGGACGGTGGGGATGTGTG 
AGTTTTGTCTGAGGAGACGGTGACCAG 

OLIGO 8 CGGTGGGGATGTGTGA 

OLIGO 9 CTGCGTCAACACAGACTGGTCCAGCTCCCCGTCCTGCGCTTC 
GGCGCTCGATTCTTCCAGTTGCAGCTCTGAGGAGACGGTGAC 
CAG 

OLIGO 10 TCGGCGCTCGATTCTT 

OLIGO 11 GCCCAGCACCACTTTCTTTGAGCTCACGGTGACCGT 

OLIGO 12 ACTTTCTTTGAGCTCA 

OLIGO 13 GCCCAGCACCACTTTCTTACCCTTACCCJCAGAAGATTTAC 
CCGACCCCGAGGTCGACCCTGAGCTCACGGTGACCGT 

OLIGO 14 GCCCAGCACCACTTTCTTACCGTCCTTCTTAGCGTCGTCCTT 
CTTAGCGTCGTCCTTCTTAGCAGCGTCCTTCTTAGCGTCGTCA 
GCGGAAGATGAGCTCACGGTGACCGT 

OLIGO 15 GCCCAGCACCACTTTCTTTGGGGACGGTGGGGATGTGTGA 
GTTTTGTCTGAGCTCACGGTGACCGT 



FIG. 2A 
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0LIG0 16 GCCCAGCACCACTTTCnGTCCAGCTCCCCGTCCTGCGCnC 
GGCGCTCGATTCTTCCAGTTGCAGCTCTGAGCTCACGGTGAC 
CGT 

OLIGO 17 TAGTCTAGGATCTACTGGCTGCAGTTCTTGCTCTCCTCTGTC 
OLIGO 18 ACTGGCTGCAGTTCTT 

OLIGO 19 AAAACTGTGCGTTACAATTCGTGGGTCCCCTCCTGAGGA 
OLIGO 20 TACAATTCGTGGGTCC 

OLIGO 21 TCCTATTGTAACAAATGCTTGCCCTGGTCCTCTCTGGAT 
OLIGO 22 AAATGCTTGCCCTGGT 



FIG. 2B 
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MULTISPECIFIC CHIMERIC RECEPTORS present invention achieves this goal by providing multispe- 

cific chimeric receptors. 

This application is a continuation application of appli- 
cation Ser. No. 08/384,033, filed Feb. 5, 1995, which is now SUMMARY OF THE INVENTION 
abandoned. 5 ^ present i nvent i 0 n provides novel multispecific chi- 
TECHNICAL FIELD meric receptors and their applications to human disease 

therapy. The multispecific chimeric receptors of the present 
Hie field of the invention relates to the construction and invention are single proteins possessing more than one 
use of novel multispecific chimeric receptors to overcome antigen-binding and/or Iigand-binding domain linked to an 
the obstacles presented by drug-resistance and genetic varia- 10 effector signaling domain and/or a proliferation signaling 
tion in infectious disease, cancer and autoimmune disease. domain. A principal application of the novel multispecific 
T* a nrc p m rwn chimeric receptors of the present invention is to combine the 
BACKGROUND therapeutic benefits of two or more monospecific chimeric 
Agents designed to selectively inhibit the replication of a effector function receptors in a single protein for "the treat- 
rapidly growing pathogen or cancer inevitably face a chal- ment of a disease. In this manner, a multispecific protein., 
lenge from the development of drug-resistance. This prob- product is provided which has the pharmacological profile of 
lem is viewed by many clinicians as one of the major a single agent, 
impediments to the effective management of malignant 

disease or the control of infectious agents which undergo DESCRIPTION OF THE DRAWINGS 

major genetic variation. A related dilemma is presented by pro. i illustrates the structures of the multispecific chi- 

autoimmune disease, where a disease^ausing cell popula- meric receptors discussed in the detailed description. 

'T T y m t 1 ? 0 ^ 115 * ^^ens FIGS. 2A and 2B are listing of oligonucleotides (SEQ ID 

which could be targeted as part of a therapeutic strategy. NQS: ^ ^ described ^ f fae ^ > x ^ 

The challenge of genetic variation to disease therapy is ,c ™ 0 - . 4 r . 
well illustrated by the problem of antiviral drug-resistance, 25 P 3 15 au oradiogram of mamunoprecipitations of 
though a similar situation holds true for resistance to anti^ f^. 293 cells transfected with the 

microbials and chemotherapeutics. The clinical emergence foUowmg monospecific and multispecific antibody con- 
of drug-resistant virus has been documented in most ^ ct ? as descnbed in Examples 1 and 2: lane a, CD4-Fc; 
instances in which antiviral theraov has been allied lane b ' SAb (agp41)-Fc; lane c, SAb(agpl20>Fc; lane d, 
ins ances w wmcn antiviral tnerapy nas been applied, 30 SAb( gp4 1 ). SAb ( a g pl 20>Fc; lane e, SAb(agp41)-Ll-SAb 
including HIV, herpes simplex virus, varicella zoster virus, / V, , v *' * X T Tc A , ; i ™x rT^ 
cytomefalovinis, influenza A virus, and rhinovirus (^gpl20)-Fc; lane f S^(agp 41 -L2-SAb ag P 120)-Fc; 

(Richman, Can Opiru Infect. Dis. 3:819^23 (1990)). HIV & f^^^^^^^Sr 

Mection provides fcle^ ^ X> ^^^^F^ \ ^e^f^' 

chronic, persistent nature, the high rate of viral rephcation, 35 

and the error-prone character of reverse transcriptase (Rl> 35 "^Fc; I« l f ^agpl20>L3^Fc; lane m, SAb 

Resistance has been observed for every HIV antiviral tested, <agpi2U>L4-UJ4-t'c. 

including nucleoside analogs (AZT, ddl, ddC, d4T and DETAILED DESCRIPTION OF THE 

TSAO), non-nucleoside RT inhibitors (Merck's 1^697,639 PREFERRED EMBODIMENTS 

and Boehringer Ingelheim's nevirapine), and a protease ^ 

inhibitor (Richman, Annu. Rev. Pharmacol Toxicol As noted above, the present invention generally relates to 

32:149-164 (1993)). novel multispecific chimeric receptors, namely, chimeric 

The clinical significance of drug-resistance in HIV infec- proliferation receptors, chimeric effector function receptors, 

tion is best documented for AZT. While AZT reduced the and h y brids thereof, each comprising at least two ligand 

rate of mortality in AIDS patients by over half during the 45 and/or anti e en binding domains of different specifities, and* ; 

first 12 months of treatment, ongoing therapy out to 24 DNA sec l uences encoding these novel chimeric receptors, 

months did not provide any additional advantage to the Esther aspects of the present invention will be discussed in 

treated group. The apparent loss of AZT clinical efficacy deta ^ below following a definition of terms employed 

correlates with the finding that by 12 months of therapy, herein, 

approximately 90% of individuals with late-stage disease 50 Definitions: 

have developed AZT resistant virus (Richman etaL, J. AIDS The term "extracellular inducer-responsiye clustering 

3:743-^746 (1990)). Similarly, the loss of antiviral activity domain" or "ECD" refers to the portion of a protein of the 

observed with the non-nucleoside RT inhibitors within two present invention which is outside of the plasma membrane 

months of their administration is associated with the rapid of a cell and binds to at least one extracellular inducer 

appearance' of drug-resistant virus (Nunberg et al., 7. Virol; 55 molecule as defined below. The ECD may include the entire 

65:4887-4892 (1991); Richman et al, Proc. Natl Acad. extracytoplasmic portion of a transmembrane protein, a cell 

Sci. 3 88:11241-11245 (1991)). surface or membrane associated protein, a secreted protein, 

Thus, while antiviral therapy with single agents can be a cell surface targeting protein, a cell adhesion molecule, or 

quite effective for short periods, extended treatment of a normally intracytoplasmic inducer-binding domain, and 

chronic or latent infections like HIV and the herpes viruses 60 truncated or modified portions thereof. In addition, after 

may require the application of combination therapies. Such binding one or . more extracellular inducer molecule(s) 

a strategy is, however, often unpractical due to the additional defined below, the ECDs will become associated with each 

problems of cross-resistance as well as the cumulative other by dimerization or oligomerization, i.e., "cluster", 

side-effects of multiple agents. It is therefore desirable to The term "multispecific extracellular inducer-responsive 

design an therapeutic agent which can attack the pathogen at 65 clustering domain" or "MSECD" refers to more than one 

multiple points, in a fashion that minimizes cross-resistance, ECD, as defined above, linked in tandem, either covalently 

and has the safety profile of a single active agent. The or non-covalently, on the same protein. 
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The term "intracellular inducer-responsive clustering (ECD), a transmembrane domain (TM) and at least one 

domain" or "ICD" refers to the portion of a protein which is proliferation signaling domain (PSD). The ECD and PSD 

inside of the plasma membrane of a cell, that binds to at least are not naturally found together on a single protein receptor, 

one intracellular inducer molecule as defined below. After Optionally, this chimeric receptor may also contain an 

binding one or more intracellular inducer molecule(s), the 5 effector function signaling domain to form a "hybrid 

ICDs will become associated with each other by dimeriza- MSCR" as defined below. 

tion or okgomerization, i.e., "cluster". The term "chimeric effector function receptor" or 
The term "transmembrane domain" or "TM" refers to the "CEFR" refers to a chimeric receptor that comprises an 
domain of the protein which crosses the plasma membrane extracellular domain, transmembrane domain, and at least 
and is derived from the inducer-binding ECD domain, the 10 one cytoplasmic domain as described in U.S. Pat. No. 
effector function signaling domain, the proliferation signal- 5359,046 or at least one EFSD domain as described above, 
ing domain or a domain associated with a totally different The extracellular domain serves to bind to an extracellular 
protein. Alternatively, the transmembrane domain may be an inducer and transmit a signal to the cytoplasmic domain 
artificial hydrophobic amino acid sequence which spans the which transduces an effector function signal to the cell, 
plasma cell membrane. 15 The term « mu itispecific chimeric effector function recep- 
The term "proliferation signaling domain" or "PSD" tor" or "MSCEFR" refers to a chimeric effector function 
refers to a protein domain which signals the cell to enter receptor which contains a multispecific extracellular 
mitosis and begin cell growth. Examples include the human inducer-responsive clustering domain (MSECD). 
or mouse Janus kinases, including but not limited to, JAK1, The term "multispecific chimeric proliferation receptor" 
JAK2, JAK3, Tyk2, Ptk-2, homologous members of the 20 or "MSCPR" refers to a chimeric inducer-responsive pro- 
Janus kinase family from other mammalian or eukaryotic liferation receptor which contains a multispecific extracel- 
species, the IL-2 Receptor 0 and/or y chains and other hilar inducer-responsive clustering domain (MSECD). 
subunits from the cytokine receptor superifamily of proteins The term "hybrid MSCR" refers to a chimeric receptor 
that may interact with the Janus kinase family of proteins to mat comprises a MSECD, a TM and at least one EFSD and 
transduce a signal, and the cytoplasmic domains from the 25 at i east one PS D linked together, in either order, directly or 
members of the superfamily of tyrosine kinase growth factor v ia a linker region to the transmembrane domain in either 
receptors, or portions, modifications or combinations order. 

mercof - The term "multispecific chimeric receptor" or "MSCR" 

The term "effector function" refers to the specialized refers to a chimeric receptor that comprises a multispecific 

function of a differentiated cell. Effector function of a T cell, ECD (MSECD), a transmembrane domain (TM) and at least 

for example, may be cytolytic activity or helper activity one effector function signaling domain (EFSD) and/or at 

including the secretion of cytokines. i eas t one proliferation signaling domain (PSD (i.e. 

The term "effector function signaling domain" or "EFSD" MSCEFRS, MSCPRs and hybrid MSCRs)). In addition, the 

refers to the portion of a protein which transduces the 35 MSCEFRS, MSCPRs and hybrid MSCRs of the present 

effector function signal and directs the cell to perform its invention may also have one or more ICDs attached to one 

specialized function. While usually the entire EFSD will be or more of their cytoplasmic domains, 

employed, in many cases it will not be necessary to use the The term "extracellular inducer molecule" refers to a 

entire chain. To the extent that a truncated portion of the ligand or antigen which binds to an ECD and induces the 

EFSD may find use, such truncated portion may be used in ^ clustering of the ECD or MSECD as described above, or 

place of the intact chain as long as it still transduces the portions or modifications of the extracellular inducer mol- 

effector function signal. Examples are the % chain of the T ecule that are still capable of binding to the ECD and 

cell receptor or any of its homologs (e.g., T] chain, FceRl-Y inducing the clustering of an MSECD. To facilitate 

and -P chains, MB1 (Iga) chain, B29 (Ig|3) chain, etc.), CD3 clustering, the extracellular inducer molecule may be intrin- 

polypeptides (A, 5 and e), syk family tyrosine kinases (Syk, 45 sically bivalent or multivalent; or it may be presented to the 

ZAP 70, etc.), sre family tyrosine kinases (Lck, Fyn, Lyn, ECD in a bivalent or multivalent form, eg., on the surface of 

etc.) and other molecules involved in T cell transduction, a cell or a virus. 

such as CD2, CD5 and CD28. The term "intracellular inducer molecule" refers to a 

The term "linker" or "linker region" refers to an oligo- or natural or synthetic ligand that can be delivered to the 

polypeptide region of from about 1 to 100 amino acids that 50 cytoplasm of a cell, and binds to and induces the clustering 

links together any of the above described domains of the of an intracellular-inducer responsive domain (ICD). To 

MSCRs defined above. The amino acid sequence is typically facilitate clustering, the intracellular inducer molecule may 

derived from a protein other than the ICDs, ECDs, EFSDs, be intrinsically bivalent or multivalent. 

PSDs or TM domains. Examples of linker regions are linker The term "multispecific antibody" refers to an antibody, 

212 and linker 205 as referenced in Bedzyk et al., J. Biol 55 molecule, or truncations or modifications thereof, that com-' 

Chem., 265:18615-18620 (1990) and Gruber et al., /. prises two or more ECDs of different specificities. 

Immunol, 152:5368-5374 (1994), respectively. The term « mo difications" refers to an addition of one or 

The term "membrane hinge" refers to a hydrophilic more amino acids to either or both of the C- and N-terminal 

polypeptide sequence found in membrane-bound immuno- ends of the extracellular or intracellular inducer molecules 

globulin heavy chains, where it is attached to the extracel- 60 (in the case where these are proteins) or, the ECDs, PSDs, 

hilar side of the TM domain (Bensmana & Lefranc, EFSDS, ICDs or TMs, a substitution of one or more amino 

Immunogenetics, 32:321-330 (1990)). As used in the present acids at one or more sites throughout these proteins, a 

invention, the membrane hinge may be considered a subset deletion of one or more amino acids within or at either or 

of linkers. both ends of these proteins, or an insertion of one or more 

The term "chimeric inducer-responsive proliferation 65 amino acids at one or more sites in these proteins such that 

receptor" or "CPR" refers to a chimeric receptor that com- the extracellular or intracellular inducer molecule binding to 

prises an extracellular inducer responsive clustering domain the ECD or ICD is retained or improved as measured by 
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binding assays known in the art, for example, Scatchard (MSCEFR) designed to be expressed in cells, which when 

plots, or such that the PSD, EFSD, ICD or TM domain activated by the binding of at least one specific extracellular 

activities are retained or improved as measured by one or inducer molecule, will induce a specialized effector function 

more of the proliferation assays or effector assays described °f a differentiated cell. The three domains that comprise a 

below. In addition, modifications can be made to the extra- 5 MSCEFR are: (1) a multispecific binding domain compris- 

cellular or intracellular inducer molecules (where they are kg at least two extracellular inducer-responsive clustering 

proteins) and to the corresponding ECDs or ICDs to create domains (ECDs) which serves to bind to at least one specific 

an improved receptor-ligand binding pair. extracellular inducer molecule, (2) a transmembrane 

The term "variant" refers to a DNA fragment encoding an ? 0main ' ^ c ! osse . s me plasma membrane ( 3 ) at 

extracellular or intracellular inducer molecule, or an ECD, w £ ne ttt f ot ^onsjgnaling domain which tranduces 

PSD, EFSD, ICD or TM domain that may further contain an Ae * ff ? ct ° r ^ nctl0n 2£? * rectt <** ^ to ^ riolm its 

addition of one or more nucleotides internally or at the 5' or V^Omd function (FIG. 1(a)). 

3' end of the DNA fragment, a deletion of one or more ^ ^ beann S thc MSCEFRs of the present invention 
nucleotides internally or at the 5' or 3' end of the DNA wU1 ex P ress effector f^t™ «> response to the binding of 

fragment or a substitution of one or more nucleotides » °ne °r more different specific extracellular inducer mol- 

internallly or at the 5' or 3' end of the DNA fragment such ecule ? t0 an extracellular inducer-responsive clustering 

that the extracellular or intracellular inducer molecule bind- domam of ,he MSCEFR. In each instance, the extracellular 

ing to the ECD or ICD is retained or improved as measured ,nducer molecule binds to at least one ECD, which results in 

by binding assays known in the art, for example, Scatchard the drmenzation or oligomerization of the MSECDs to each 

plots, or such that the PSD, EFSD, ICD or TM domain M °" ler - The clustering of these MSECDs signals activation of 

activities are retained or improved as measured by one or ^ effector funcu °° signaling domain(s). 

more of the proliferation assays or effector assays described In vet mother embodiment, the present invention relates 

below. In addition, variants of the DNA sequences encoding t0 a novel M"* 1 multispecific chimeric receptor (hybrid 

the extracellular and intracellular inducer molecules (where MSCR) containing a proliferation signaling domain and an 

they are proteins) and the corresponding ECDs and ICDs 25 effector function signaling domain together on the same 

can be made so as to create an improved receptor-ligand multispecific receptor. In this particular embodiment, the 

binding pair. hybrid receptor comprises a MSECD and TM described 

In a general embodiment, the present invention relates to above ' and .comprises at least one effector 

novel multispecific chimeric receptors, nucleic acid ^ DCt ^ D ** malM ? domaln ^ at ^ east one P"**?*? 

sequences encoding the receptors, the vectors containing the 30 ^^f^^T^ l ° Be * Br ^ ^ protein (FIGS, 

nucleic acids encoding the receptors, the host cells express- *< c > and ^ ' ^ ^ multispec^c extracellular inducer 

ing these novel multiline chimeric receptors, and meth- ^ ive ( *f™ B . d ° mamS (MSECDs) of the hybrid 

ods of using these novel multispecific chimeric receptors as M f are linked via ' transmembrane domau. to two 

therapeutics. Three types of multispecific chimeric receptors dlff " ent 'TP" of J*® 1 * 1 transducing domains. Either the 

(MSCR) are provided herein, namely, multispecific chimeric 35 P^&rf Uon signahng domam or the effector function sig- 

proliferation receptors (MSCPR) (FIG. 1(b)), multispecific na ] m j= d ™ may J* ^ Unk f d f, th& , ^membrane domain 

chimeric effector function receptors (MSCEFR) (FIG 1(a)) ? mch . 15 fi*ta Jinked ° n «s3' *>* to the second signaling 

and hybrid MSCRs comprising both an effector signaling domiml ffV,^ y 01 \ lj f eT K *Tu " 

domain and a proliferation signaling domain (FIGS. 1(c) and ™ j£ ph £ d "* P 1 ^. 10 " «* *» nove ' ^ 

1(a)). In each category of receptors, the multispecific bind- 40 MSC , R ^ acUva ' e P^eraUon and effector function 

ing domain, the effector function signaling domain, and the smiultaneously m a host cell upon the binding of at least one 

proliferation signaling domain do not naturally exist pT * ° ne or more the ECDs of 

together on a single protein. the hybrid MSCR of the present invention. 

In one particular embodiment, the present invention M J^J^V^f 1 ^ ^ ' 

relates to a multispecific chimeric proliferation receptor 45 ZSSSS ^>"» ^ ' * 

r\AGr*m\ a - a > u a ii u'-L-i. multispecific extracellular inducer-responsive clustering 

S^ffi 18 ^ 6 M "7* m « . VT domai " (MSECD), and a proliferation signaling domata 

proliferate in response to at least one specific extracellular /dctv>.v. .. a~a L »u • .u . ... 

inducer molecule Tne three domains which comprise a ^ 15 V™*****" m the same receptor protem with 

MSCPR are: (1) a multispecific binding domain comprising , n " ""^""P™ cl, * te ™« ^ 

„f i™# ^ ' ii f * j . u * • 50 In this embodiment, a receptor is constructed as one protein 

at least two extracellular inducer-responsive clustering „ . . • M , . ^ . . 

A nm «;™ sunT\„\ »,u- u . c 6 compnsmg m the N-terminal to C-terminal direction a 

domains (ECDs) which serves to bind to at least one specific m „i5™Jfl„ r?™ t\a a • ton j nc , n 

^ „ ii i i i /^\ * u j • i_ * i_ multispecific ECD, TM domain, an ICD and a PSD. 

extracellular molecule, (2) a transmembrane domain, which A1# „ i ' . ' , , 

*l i l j " i . t r Alternatively, a receptor may be constructed as one protein 

crosses the plasma membrane and, (3) at least one prohf- • • . *1 . J ^ t . ... *: 

^ i- a « ■ *u * • 1*1. ii* j* /r -T^ compnsmg in the N-terminal to C-terrmnal direction an 

eraaon signahng domain that signals the cell to divide (FIG. ce w C i?/-n ™ a~ * ncr, a i • 

^.vv & v 55 MSECD, TM domam, PSD and an ICD. In preparing the 



1(6)). 



multispecific chimeric inducer binding receptors of the 



The cells bearing the MSCPRs of the present invention present embodiment, one may separate one or more domains 

will expand in number in response to the binding of one or of each reC eptor with a linker or membrane hinge region, 

more different specific extracellular molecules to an extra- Additionally, more than one ICD and PSD may be attached 

cellular inducer-responsive clustering domain of the 60 directly or via a UrikGT or membr ane hinge region to each 

MSCPR. In each instance, the extracellular inducer mol- om er to form multiple ICDs and PSDS. Upon introduction 

ecule binds to at least one ECD, which results in the of these novel inducer-binding chimeric proliferation recep- 

dimenzation or oligomerization of the MSECDs to each tors into a host cell, one may modulate proliferation of the 

°/ her ^ ecluste nng of these MSECDs signals activation of ce ll by either an extracellular inducer, an intracellular 

the proliferation domain(s). 65 mducer or a combination of these two different inducer 

In another embodiment, thc present invention relates to a molecules. The embodiment of this aspect of the invention 

novel multispecific chimeric effector function receptor may be modified even further by attaching an effector- 
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function signaling domain (EFSD) at the N-terminal or is to introduce a single molecule bearing a functional antigen. 
C-terminal end of the PSD or the ICD. A MSECD and binding site. This avoids the technical difficulties that may 

multiple ICDs and/or PSDs may be employed in the con- attend the introduction and coordinated expression of more 

struction of these receptors. Upon expression of these novel than one gene construct into host cells. This "single-chain 

hybrid multispecific receptors containing both an MSECD 5 antibody" (SAb) is created by fusing together the variable 

and an ICD in a host cell, one may modulate proliferation domains of the heavy and light chains using an oligo- or 

and effector signaling by adding either an extracellular polypeptide linker, thereby reconstituting an antigen binding 

inducer, an intracellular inducer or a combination of these site on a single molecule. 

two different inducer molecules. Single-chain antibody variable fragments (SAbFv) in 

The extracellular inducer-responsive clustering domain 10 which the C-terminus of one variable domain (VH or VL) is 
(ECD) may be obtained from any of the wide variety of tethered to the N-terminus of the other (VL or VH, 

extracellular domains of eukaryotic transmembrane respectively), via a oligo- or polypeptide linker, have been 

proteins, secreted proteins or other proteins associated with developed without significantly disrupting antigen binding 

ligand binding and/or signal transduction. The ECD may be or specificity of the binding (Bedzyk e al. (1990) J. Biol 

part of a protein which is monomeric, homodimeric, 15 Chem., 265:18615; Chaudhary et al. (1990) Proc. Natl 

heterodimeric, or associated with a larger number of proteins Acad. Sci., 87:9491). The SAbFvs used in the present 

in a non-covalent or disulfide-bonded complex. To create the invention may be of two types depending on the relative 

multispecific binding domains of the present invention, two order of the VH and. VL domains: VH-l-VL or VL-l-VH 

or more individual binding domains are connected to each (where "1" represents the linker). These SAbFvs lack the 

other on a single protein, either covalently or noncovalently. 20 constant regions (Fc) present in the heavy and light chains 

An oligo- or polypeptide linker region may be used to of the native antibody. In another aspect of the present 

connect these domains to each other. invention, the SAbFv fragment may be fused to all or a 

In particular, the ECDs may consist of monomeric, portion of the constant domains of the heavy chain, and the 

dimeric or tetrameric immunoglobulin molecules, or por- resulting ECD is joined to the EFSD, PSD or ICD via an 

tions or modifications thereof, which are prepared in the 25 appropriate transmembrane domain that will permit expres- 

following manner. sion in the host. cell. The resulting MSCRs differ from the 

The full-length IgG heavy chain comprising the VH, SAbFvs, described above, in that upon binding of antigen 

CHI, hinge, and the CH2 and CH3(Fc)Ig domains may be thev . imtiate S1 g nal transduction via their cytoplasmic 

fused to a EFSD, PSD or ICD of an MSCR via the domauL 

appropriate transmembrane domain. If the VH domain alone Single -chain derivatives of T cell receptors (SCTCRs) in 

is sufficient to confer antigen-specificity (so-called "single- which the variable regions of the T cell receptor a and f3 

domain antibodies"), homodimer formation of the MSCR is chains are joined together by an appropriate oligo- or 

expected to be functionally bivalent with regard to antigen polypeptide linker may also be employed as one or more of 

binding sites. If both the VH domain and the VL domain are 35 me ECDs contained within an MSCR. 

necessary to generate a fully active antigen-binding site, To aid in the proper folding and efficient expression of the 

both the VH-containing MSCR and the full-length IgL chain MSCRs, including MSCEFRs, MSCPRs aod hybrid 

are introduced into cells to generate an active antigen- MSCRS, the antibody-derived ECDs may be connected at 

binding site. Dimer formation resulting from the intermo- their C-terminal end to one of a number of membrane hinge 

lecular Fc/hinge disulfide bonds results in the assembly of 4Q regions which are a normal part of membrane-bound immu- 

MSCRs with extracellular domains resembling those of IgG noglobulin molecules. For example, the eighteen amino 

antibodies. Derivatives of these MSCRs include those in acids of the IGHG3 Ml exon may be used (Bensmana and 

which only non-Fc regions of the heavy chain are employed Lefranc, Immunogenet., 32:321-330 (1990)). The TM 

in the fusion. For example, the VH domain (and the CHI domain is attached to the C-terminal end of the membrane 

domain) of the heavy chain can be retained in the extracel- A$ hinge. It is also contemplated that membrane hinge 

hilar domain of the MSCR, but MSCR dimeis are not sequences may be used to connect non-antibody derived 

formed. As above, the full-length IgL chain can be intra- ECDs to the transmembrane domains to increase CPR 

duced into cells to generate an active antigen-binding site. expression. 

As indicated, the ECD may consist of an Ig heavy chain Diabodies may also be used as ECDs in the present 

which may in turn be covalently associated with Ig light 50 invention. Diabodies contain two chimeric immunoglobulin 

chain by virtue of the presence of the CHI region, or may chains, one of which comprises a VH domain connected to 

become covalently associated with other Ig heavy/light a VL domain on the same polypeptide chain (VH-VL). A 

chain complexes by virtue of the presence of hinge, CH2 and linker that is too short to allow pairing of the VH and VL 

CH3 domains. The two heavy/light chain complexes may domains on this chain with each other is used so that the 

have different specificities, thus creating a MSCR which 55 domains will pair with the complementary VH and VL 

binds two distinct antigens. Depending on the function of the domains on the other chimeric immunoglobulin chain to 

antibody, the desired structure and the signal transduction, create two antigen-binding sites (Holliger et al., Proc. Natl 

the entire chain may be used or a truncated chain may be Acad. Sci. 90:6444-6448 (1993)). As described above, one 

used, where all or a part of the CHI, CH2, or CH3 domains of these chains is linked to the membrane hinge and/or the' 

may be removed or all or part of the hinge region may be 60 TM domain, which in turn is linked to the EFSD, PSD 

removed. and/or ICD. The other chain (not connected covalently to a 

Because association of both the heavy and light V EFSD, PSD or ICD) will be co-expressed in the same cell to 

domains are required to generate a functional antigen bind- create a MSCR with a diabody ECD which will respond to 

ing site of high affinity, in order to generate an antibody- two different extracellular inducer molecules, 

containing MSCR with the potential to bind antigen, a total 65 In the present invention, the SCFv fragment or the single 

of two molecules will typically need to be introduced into domain antibody may be fused to all or a portion of the 

the host cell. Therefore, an alternative and preferred strategy constant domains of the heavy chain or the light chain before 
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being linked to each other to form the multispecific ECD. described above connected together in different combina- 

The MSECDs used in the present invention may comprise tions. For example, two or more ECDs containing immu- 

(N- to C-terminal) a SCFv fragment linked to another SCFv noglobulin sequences, (e.g. SCFvs and/or single-domain 

domain that in turn is linked to all or part of the constant antibodies) may be linked to each other. In another example, 

domains (CHI, hinge, CH2 and CH3). 5 two or more ECDs from membrane proteins (e.g. cytokine 

To aid in the proper folding and efficient expression of the receptors and/or CD antigens) may be linked to each other. 
MSCRs of the present invention, the antibody-derived ECDs In yet another example, a MSECD may consist of a mixture 
may be connected at their C-terminal end to one of a number of ligand-binding domains and immunoglobulin-derived 
of "membrane hinge regions" which are a normal part- of domains eg., an ECD from CD4 may be joined to a SCFv. 
membrane-bound immunoglobulin molecules. The TM 10 The proliferation signaling domains (PSDS) that corn- 
domain is attached to the C-terminal end of the membrane prise the MSCPRs and hybrid MSCRs of the present inven- 
hinge. For example, eighteen amino acids from the tion may be obtained from the cytoplasmic signal- 
N-terminal end of the IGHG3 Ml exon may be used transducing domains of the cytokine/hematopoietin receptor 
(Bensmana and Le franc, Immunogenet., 32:321-330 superfamily. The members of this mammalian receptor 
(1990)). It is contemplated that membrane hinge sequences 15 superfamily can transduce proliferative signals in a wide 
may be used to connect non-antibody derived ECDs to the variety of cell types. The cytoplasmic domains of the 
transmembrane domains to increase CPR and CEFR expres- signal- transducing subunits may contain conserved motifs 
sion. In the present invention, the membrane hinge region that are critical for the transduction of proliferative signals 
may also be employed like other linker regions, eg., be (Bazan, Current Biology, 3:603-606 (1993); Boulay and 
attached on either side of a TM, PSD, or ECD. ^ Paul, Current Biology, 3:573-581 (1993); Wells, Current* 

ligand-binding domains from naturally occurring recep- Opinion in Cell Biology, 6:163-173 (1994); Sato and 
tors may also be used as ECDs to prepare the MSECDs of Miyajima, Current Opinion in Cell Biology, 6:174-179 
the present invention, where the receptors are surface mem- (1994); Stahl and Yancopoulos, Cell, 74:587-590 (1993); 
brane proteins, including cell differentiation antigens such as Minami et al., Ann. Rev. Immunol, 11:245-267 (1993); 
CD4 and CD8, cytokine or hormone receptors or cell 2 s Kishimoto et al., Cell, 76:253-262 (1994)). The signal- 
adhesion molecules such as ICAM or LFA-1. The receptor transducing components of these cytokine receptors to be 
may be responsive to a natural ligand, an antibody or used as PSDs in the present invention include, but are not 
fragment thereof, a synthetic molecule, e.g., drug, or any limited to, Interleukin-2 receptor p (IL-2R0), IL-2Ry, 
other agent which is capable of inducing a signal. In IL-3R0, IL-4R, IL-5Ra, IL-5R0, IL-6R, IL-6R gpl30, 
addition, either member of a ligand/receptor pair, where one 30 IL-7R, IL-9R, IL-12R, IL-13R, IL-15R, EPO-R 
is expressed on a target cell such as a cancer cell, a virally (erythropoietin receptor), G-CSFR (granulocyte colony 
infected cell or an autoimmune disease causing cell, may stimulating factor receptor), GM-CSFRa (granulocyte mac- 
also be used as an ECD in the present invention. In addition, rophage colony stimulating factor receptor a), GM-CSFRp, 
the receptor-binding domains of soluble ligands or portions LIFRa (leukemia inhibitory factor receptor a), GHR 
thereof could be employed as ECDs in the MSECDs of the 35 (growth hormone receptor), PRLR (prolactin receptor), 
present invention. In addition, binding portions of CNTFR (ciliary neurotrophic factor receptor), OSMR . 
antibodies, cytokines, hormones, or serum proteins can be (oncostatin M receptor) IFNRa/fJ (interferon a/p receptor), 
used. Furthermore, secreted targeting molecules such as IFNRy, TFR (tissue factor receptor), and TPOR 
11^ 14 or the soluble components of the cytokine receptors (thrombopoietin or mpl-ligand receptorXMinami et al., J. 
such as IL-6R, IL-4R, and IL-7R can be used as ECDs 40 Immunol, 152:5680-5690(1994); Boulay and Paul, Current 
(Boulay and Paul Current Biology 3: 573-581, 1993). Biology, 3:573-581 (1993); Wells, Current Opinion in Cell 

Where a receptor is a molecular complex of proteins, Biology, 6:163-173 (1994)). 

where only one chain has the major role of binding to the The proliferation signaling domains (PSDs) that comprise 

ligand, it will usually be desirable to use solely the extra- the MSCPRs and hybrid MSCRs of the present invention 

cellular portion of the ligand binding protein. Where the 45 may be obtained from the signal-transducing domains of the 

extracellular portion may complex with other extracellular tyrosine kinase growth factor receptor superfamily or from 

portions of other proteins or form covalent bonding through oncogenes or proto-oncogenes which are related to this 

disulfide linkages, one may also provide for the formation of growth factor family (Schlessinger and Ullrich, Cell, 

such dimeric or multimeric extracellular regions. Also, 61:203-212 (1990), Ullrich and Schlessinger, Neuron,* 

where the entire extracellular region is not required, trun- 50 9:383-391 (1992)). The members of this mammalian recep- 

cated portions thereof may be employed, where such trun- tor superfamily can transduce proliferative signals in a wide 

cated portion is functional. In particular, when the extracel- variety of cell types. The cytoplasmic domains of the 

hilar region of CD4 is employed, one may use only those signal-transducing subunits contain tyrosine kinase domains 

sequences required for binding of gpl20, the HIV envelope that are critical for the transduction of proliferative signals, 

glycoprotein. In the case in which immunoglobulin-derived 55 The growth factor receptors, proto-oncogenes, and onco- 

sequences are used to create a multispecific ECD, one may genes to be used as PSDs in the present invention include, 

simply use the antigen binding regions of the antibody but are not limited to epidermal growth factor receptor 

molecule and dispense with the constant regions of the (EGF-R), HER2/neu, HER3/c-erbB-3, Xmrk, Insulin-R, 

molecule (for example, the Fc region consisting of the CH2 IGF-l-R (insulin-like growth factor-1 receptor), IRR, 

and CH3 domains). 60 PDGF-R-A (platelet-derived growth factor receptor-A), 

To create the multispecific ECDs of the present invention, PDGF-R-B (platelet-derived growth factor receptor-B), 

two or more individual ECDs are connected to each other, CSF-l-R (colony-stimulating factor-1 receptor), c-kit, 

either covalently or noncovalently, on a single protein mol- FGF-R (fibroblast growth factor receptor), acidic FGF-R, 

ecule. An oligo- or polypeptide linker, an Fc hinge or and basic FGF-R (Ullrich and Schlessinger, Cell, 

membrane hinge region may be used to connect these 65 61:203-212 (1990)). 

domains to each other. The MSECDs of the present inven- The proliferation signaling domains employed in con- 

tion may comprise two or more of the different ECDs structing the MSCPRs and hybrid MSCRs of the present 
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invention may also be obtained from any member of the The intracellular clustering domain (ICD) can be obtained 
Janus or JAK eukaryotic family of tyrosine kinases, includ- from the inducer binding domains of a variety of intracel- 
ing Tyk2, JAKI, JAJC2, JAK3 and Ptk-2. Members of the hilar proteins. For example, eukaryotic steroid receptor 
Janus kinase family are found in all cell types. They asso- molecules can be used as I CDs (e.g. the receptors for 
ciate with various signal transducing components of the 5 . estrogen, progesterone, androgens, glucocorticoids, tliyroid 
cytokine receptor superfainily discussed above and respond hormone, vitamin D, retinoic acid, 9-cis retinoic acid and 
to the binding of extracellular inducer by the phosphoryla- ecdysone). In addition, variants of steroid and other recep- 
tion of tyrosines on cytoplasmic substrates (Stahl and t0 rs which fail to bind their native inducer, but still bind to 
Yancopoulos, Ce% 74:587-590 (1993)) They are thus an an antagonist, can be prepared by one skilled in the art and 
integral part of the control of ceU prohferation in many ^ t0 make ^ ^ of to invcnticm> For le> a 
different kmds of ceUs . The members of this famrfy are c-terminal deletion mutant of the human progesterone 
marked by similar mu bdomain structures and a high degree wfaich Ms tQ bind ^ can be clustered 

of sequence conservation. Umque among tyrosine kinases, k „ ,r V,-.. f _ f . -\ • 7 J «Vr 

the Jauus kinase family may have two non-identical tandem b JJ^ 9d *T\ °L pro £*^?^^ 
kinase-like domains, only one of which may have catalytic ™ 6 et ^Proc Natl Acad Sa 91: 8180-8184, 1994). 
activity (Firmbach-Kraft et al., Oncogene, 5:1329-1336 « Binding domains from the eukaryotic immunophilin family 
(1990); Wilks et al., MoL Cell Biol, 11:2057-2065 (1991); of molecules ma y also be used as ICDs. Examples include 
Harpur et al., Oncogene, 7:1347-1353 (1992)). The kinase but *™ ° ot Umited f° members of the cyclophilin family: 
activity of the Janus kinases is usually activated after the mammalian cyclophilin A, B and C, yeast cyclophilins 1 and 
binding of hgands to their associated cytokine family recep- 2 » Drosophila cyclophilin analogs such as ninaA; and mem- 
tors and the oligomerization of the receptors (Stahl and 20 oers °f me FKPB family: the various mammalian isoforms 
Yancopoulos, Cell, 74:587-590 (1993)). This activation, in of FKBP and the FKBP analog from Neurospora (Schreiber, 
turn, triggers the initiation of intracellular signaling cascades Science, 251:285-287 (1991), McKeon, Cell, 66:823-^826, 
(Witthuhn et al., Nature, 370:153-157 (1994); Russell et al., (1991), Friedman and Weissman, Cell, 66:799-806, (1991), 
Science, 366:1042-1044 (1994); Kawamura et al., Proc. Liu et al., Cell, 66:807-815 (1991)). For example, the 
Natl. Acad ScL, 91:6374-6378 (1994); Miyazaki et al., 25 inducer binding portion of the immunophilin, FKBP12, 
Science, 266:1045-1047 (1994); Johnston et al., Nature, which can be clustered in the cytoplasm by the addition of 
370:151-153 (1994); Asao et al., FEBS Letters, FK1012, a synthetic dimeric form of the immunosuppres- 
351:201-206 (1994)). sant FK506 (Spencer et al., Science 262: 1019-1024 (1993) 

The effector function signaling domains (EFSDs) can be used as an ICD. 

employed in the MSCEFRs and hybrid MSCRs of the 30 The transmembrane domain may be contributed by the 

present invention may be derived from a protein which is protein contributing the multispecific extracellular inducer 

known to activate various second messenger pathways. One clustering domain, the protein contributing the effector func- 

pathway of interest is that involving phosphatidylinositol- tion signaling domain, the protein contributing the prolif- 

specific phospholipase hydrolysis of phosphatidylinositol-4, eration signaling portion, or by a totally different protein. 

5-biphosphate, and production of inositol-1,4,5- 35 For the most part it will be convenient to have the trans- 

trisphosphate and diacylglycerol. The calcium mediated membrane domain naturally associated with one of the 

pathway, the tyrosine and serine/threonine kinase and phos- domains. In some cases it will be desirable to employ the 

phatase pathway, the adenylate cyclase, and the guanylate transmembrane domain of the %, r\ or FceRly chains which 

cyclase pathways may also be second messenger pathways. contain a cysteine residue capable of disulfide bonding, so 

EFSDs of interest include proteins with ARAM motifs 40 that the resulting chimeric protein will be able to form 

(Reth, Nature, 338:383-384 (1989); Weiss, Cell, disulfide linked dimers with itself, or with unmodified 

73:209-212 (1993)), for example, the £ chain of the T-cell versions of the r\ or FceRly chains or related proteins. In 

receptor, the i\ chain, which differs from the £ chain only in some instances, the transmembrane domain will be selected 

its most C-terminal exon as a result of alternative splicing of or modified by amino acid substitution to avoid binding of 

the ^ mRNA, the 7 and p subunit of the FceRl receptor, the 45 such domains to the transmembrane domains of the same or 

MB1 (Iga) and B29 (Igp) chains of the B cell receptor, and different surface membrane proteins to minimize interac- 

the 6, y, and c chains of the T-cell receptor (CD3 chains), tions with other members of the receptor complex. In other 

other proteins homologous to the above protein subunits cases it will be desirable to employ the transmembrane 

including synthetic polypeptides with ARAM motifs, and domain of tj, FceRl -y and -0, MB1 (Iga), B29 or CD3-y, 

such other cytoplasmic regions which are capable of trans- 50 5, or e, in order to retain physical association with other 

mining a signal as a result of interacting with other proteins members of the receptor complex. 

capable of binding to an inducer (Romeo et al., Cell, Extracellular inducer molecules employed in the present 

68:889-897 (1992); Weiss, Cell, 73:209-212 (1993)). The invention can be antigens which bind the immunoglobulin- 

syk family of tyrosine kinases may also be used as effector derived ECDs, described above. These may include viral 

function signaling domains in the present invention. The 55 proteins, (e.g. gpl20 and gp41 envelope proteins of HIV, 

clustering of these domains from Syk and ZAP-70 leads to envelope proteins from the Hepatitis B and C viruses, the gB 

the activation of T cell cytolytic activity (Kolanus et al., and other envelope glycoproteins of human 

Cell, 74:171-183 (1993)). In addition, the sre family of cytomegalovirus, the envelope proteins from the Kaposi's 

tyrosine kinases (Lck, Fyn, Lyn, etc.) (Rudd et al., immu- sarcoma-associated herpesvirus), and surface proteins found 

nology Today, 15:225-234 (1994)) and molecules such as 60 on cancer cells in a specific or amplified fashion, (e.g. the 

CD2, CDS and CD28, which are involved in T cell IL-14 receptor, CD 19 and CD 20 for B cell lymphoma, the 

transduction, may also be used as EFSDs in the present Lewis Y and CEA antigens for a variety of carcinomas, the 

invention. A number of EFSDs or functional fragments or Tag72 antigen for breast and colorectal cancer, EGF-R for 

mutants thereof may be employed, generally ranging from lung cancer, and the HER-2 protein which is often amplified ■ 

about 50 to 1500 amino acids each, where the entire natu- 65 in human breast and ovarian carcinomas). For other 

rally occurring cytoplasmic region may be employed or only receptors, the receptors and ligands of particular interest are 

an active portion thereof. CD4, where the ligand is the HIV gpl20 envelope 
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glycoprotein, and other viral receptors, for example ICAM, in the desired open reading frame encoding the chimeric 

which is the receptor for the human rhinovirus, and the protein. Thus, the sequences may be selected to provide for 

related receptor molecule for poliovirus. restriction sites which are blunt-ended, or have complemen- 

The intracellular inducer molecules employed in the tary overlaps, 

present invention must be molecules which can be delivered 5 If desired, the multispecific extracellular domain may also 

to the cytoplasm. For exa mple, the inducer may be mc lude me trar^pUonal mitiaUon region, wmch wiU allow 

lipophilic, or be transported into the cell by active transport for expression m the t t host Alternatively, one may wish 

or pinocytosis, by fusion with a liposome carrying the tn . • , r 6 # . ... . . *' r": y 

inducer, or by semi-permeabilization of the cell membrane. l ° P^ V a <f erent ^"P 1 "™! ™on region, 

The intracellular inducers cluster the ICDs which make up 10 J hich ™y constitutive or inducible expression, 

the CIPRs of the present invention. Examples of inducer^ 10 * ep ? ndmg f J™ * e host > thc * UT ?°* for t * e mtro " 

include, but are not limited to synthetic dirneric molecules f UCt J° n f ° f the ch ™™ ^ otem f int 0 such , host > tfl * 

such as FK1012 (Spencer et aL, Science, 262:1019-1024 ^1° C W™ion desired, the nature ol the target host, and 

(1993)) or dirneric derivatives of the binding domains of ^ °™ may P f r ™ d f ^ 

other immunophilin binding molecules such af cyclosporin, 15 f ntia ^ n ° r "TT* ° f ^ h ° SU aCUVatl ° n ° f the 

rapamycin and 506BD (Schreiber, Science, 251:283-287 Urget "f U . e to j EB ' 

(1991), McKeon, Cell, 66:823^826, (1991)). Steroids, such A wide variety of promoters have been described in the 
as estrogen, progesterone, the androgens, glucocorticoids, uterat ure, which are constitutive or inducible, where induc- 
thyroid hormone, vitamin D, retinoic acid, 9-cis retinoic acid uon ma y be associated with a specific cell type or a specific 
or ecdysone, or antagonists or derivatives of these molecules ?n level of expression. Alternatively, a number of viral promot- 
may also be used as intracellular inducer molecules. In ers are known wmch may also find use. Promoters of interest 
particular, the steroid antagonist RU 486 may be used (Wang include *e 0-actin promoter, SV40 early and late promoters, 
et al., Proc. Natl Acad ScL, 91:818f>8184 (1994)). immunoglobulin promoter, human cytomegalovirus 
In some instances, a few amino acids at the joining region pr0m0t !i and the Friend ^ n ^cus-forming virus pro- 
of the natural protein domain may be deleted (eg., 25 m ° ter ^ P^moters may or may not be associated with . 
truncated), usually not more than 30, more usually not more e ^ancers, where the enhancers may be naturally associated 
than 20. Also, one may wish to introduce a small number of ^ *** P artlcuIar Pooler or associated with a different 
amino acids at the borders, usually not more than 30, more promoter. 

usually not more than 20 (linkers or the membrane hinge ^ sequence of the open reading frame may be obtained 

region). The deletion or insertion of ammo acids will usually 30 from g enomic DNA * cDNA, or be synthesized, or combi- 

be as a result of the needs of the construction, providing for nations thereof. Depending upon the size of the genomic 

convenient restriction sites, ease of manipulation, improve- DNA and the number of introns, one may wish to use cDNA 

ment in levels of expression, proper folding of the molecule or a combination thereof. In many instances, it is found that 

or the like. In addition, one may wish to substitute one or introns stabilize the mRNA. Also, one may provide for 

more amino acids with a different amino acid (i.e., a 35 non-coding regions which stabilize the mRNA. 

modification) for similar reasons, usually not substituting A termination region will be provided 3' to the cytoplas- 

more than about five amino acids in any one domain. The m ic domain, where the termination region may be naturally 

PSDs and EFSDs will generally be from about 50 to 1500 associated with the cytoplasmic domain or may be derived 

amino acids, depending upon the particular domain 1x0111 a different source. For the most part, the termination 

employed, while the transmembrane domain will generally 40 regions are not critical and a wide variety of termination 

have from about 20 to 35 amino acids. The individual ECDs regions may be employed without adversely affecting 

will generally be from about 50 to 1500 amino acids, expression. 

depending on the particular domain employed. The The various manipulations may be carried out in vitro or 
MSECDs will usually contain between two and twenty may be introduced into vectors for cloning in an appropriate 
ECDs, more preferably between two and ten ECDs, and 45 host, e.g., E. colL Thus, after each manipulation, the result- 
most preferably between two and five ECDs. ing construct from joining of the DNA sequences may be 

Normally, the signal sequence at the 5* terminus of the cloned into an expression vector. The sequence may be 

open reading frame (ORF) which directs the chimeric pro- screened by restriction analysis, sequencing, or the like to 

teiri to the surface membrane will be the signal sequence of insure that it encodes the desired chimeric protein, 

the ECD. However, in some instances, one may wish to 50 The chimeric construct may be introduced into the target 

exchange this sequence" for a different signal sequence. cell in any convenient manner. Techniques include calcium 

However, since the signal sequence will be removed from phosphate or DEAE-dextran mediated DNA transfection, 

the protein during processing, the particular signal sequence electroporation, protoplast fusion, liposome fusion, biolis- 

will normally not be critical to the subject invention. tics using DNA-coated particles, and infection, where the 

The chimeric construct, which encodes the chimeric pro- 55 chimeric construct is introduced into an appropriate virus 

tein according to this invention will be prepared in conven- (e.g. retrovirus, adenovirus, adeno-associated virus, Herpes 

tional ways. Since, for the most part, natural sequences may virus, Sindbis virus, papilloma virus), particularly a non- 

be employed, the natural genes may be isolated and replicative form of the virus, or the like. In addition, direct 

manipulated, as appropriate, so as to allow for the proper injection of naked DNA or protein- or lipid-complexed DNA 

joining of the various domains. Thus, one may prepare the 60 may also be used to introduce DNA into cells, 

truncated portion of the sequence by employing the poly- Once the target host has been transformed, integration 

merase chain reaction (PCR), using appropriate primers will usually result. However, by appropriate choice of 

which result in deletion of the undesired portions of the vectors, one may provide for episomal maintenance. A large 

gene. Alternatively, one may use primer repair, where the number of vectors are known which are based on viruses, 

sequence of interest may be cloned in an appropriate host. In 65 where the copy number of the virus maintained in the cell is 

either case, primers may be employed which result in low enough to maintain the viability of the cell. Illustrative 

termini, which allow for annealing of the sequences to result vectors include SV40, EB V and BPV. 
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It is also contemplated that the introduction of the chi- naling domain and the other containing a proliferation 

meric constructs of the present invention into cells may signaling domain (i.e. MSCEFR and MSCPR). Both 

result in the transient expression of the MSCRs. Such MSCRs may contain the same MSECDs. Alternatively, a 

transient expression may be preferable if a short-term thera- host cell may express a hybrid MSCR combining both 

peutic effect is desired. Unstable replication or the absence 5 signaling domains (EFSD and PSD) on the same chain. In 

of DNA replication may result, for example, from adenovi- both situations, the binding of an extracellular inducer 

rus infection or transformation with naked DNA. molecule to tfie MSECD will stimulate host cells to act as 

The MSCRs of the present invention are employed in a therapeutic agents at the same time they are expanding in 

wide variety of target host cells, normally cells from response to binding to an extracellular inducer molecule, 

vertebrates, more particularly, mammals, desirably domestic 10 e S*» gp 120 for HIV or cancer-specific antigens, 

animals or primates, particularly humans. In particular, the The specific targets of cells expressing the multispecific 

subject invention may also find application in regulating the chimeric receptors (MSCRs) of the present invention 

expansion and effector activity of lymphoid cells, e.g., T include diseased cells, such as cells infected with HIV, 

lymphocytes (including CD8+ T cells, CD4+ T cells, cyto- HTLV-I or II, cytomegalovirus, hepatitis A, B or C viruses, 

toxic T cells and helper T cells), B lymphocytes, cytotoxic 15 Mycobacterium avium, Mycobacterium tuberculosis, Myco- 

lymphocytes (CTL), natural killer cells (NK), tumor- bacterium leprae etc., neoplastic cells, or autoimmune 

infiltrating-lymphocytes (TIL) or other cells which are disease-causing cells' where the diseased cells have a surface 

capable of killing target cells when activated. In addition, marker associated with the diseased state. Since MSCRs of 

suitable host cells in which to introduce MSCRs of the the present invention have more than one antigen-binding 

present invention include hematopoietic stem cells, which 2 o an °V° r ligand-binding domain, the present invention may 

develop into cytotoxic effector cells with both myeloid and have advantages over monospecific chimeric receptors in 

lymphoid phenotype including granulocytes, mast cells, treating human diseases such as infectious disease, cancer 

basophils, macrophages, natural killer (NK) cells and T and and autoimmune disease. The application of the present 

B lymphocytes. invention for targeting more than one epitope of a given 

Once one has established that the transformed host cell 25 P atn og en > more than one pathogen, or a heterogeneous 

expresses the MSCRs of the present invention in accordance population of disease-causing cells that may be found in 

with the desired regulation and at a desired level, one may malignant or autoimmune disease, is designed to have the 

then determine whether the MSCPRs or hybrid MSCRs are therapeutic benefit of a combination therapy, while having 

functional in the host cell in providing for the desired tne safety profile and pharmacological properties of a single 

proliferation signal. One may use established methodology 30 therapeutic agent. 

for measuring proliferation to verify the functional capabil- The MSCRs of the present invention are envisioned as a 
ity of the above MSCRs. The proliferative response of cells strategy for overcoming the ability of viruses such as HIV to 
can be measured by a variety of techniques known to those become drug-resistant, and may be applicable in treating 
skilled in the art. For example, DNA synthesis can be other diseases in which drug- resistance or antigenic varia- 
measured by the incorporation of either tritiated thymidine 35 lion is a significant problem (eg. cancer, bacterial and 
or orotic acid. The incorporation of bromodeoxyuridine into parasitic infections). Through the application of the present 
newly synthesized DNA can be measured by immunological invention, the probability that a given viral variant will 
staining and the detection of dyes, or by ELISA (Enzyme- eventually arise which is not targeted by a chimeric receptor 
linked immunosorbent assayXDoyle et aL, Cell and Tissue expressing cell would decrease in direct relation to the 
Culture: Laboratory Procedures, Wiley, Chichester, 40 number of antigenic specificities recognized by the multi- 
England, (1994)). The mitotic index of cells can be deter- specific chimeric receptor. In particular, single-chain anti- 
mined by staining and microscopy, by the fraction labeled bodies which recognize many different HIV antigens can be- 
mitoses method or by FACS analysis (Doyle et al., supra, employed to create MSCRs to use as anti-AIDS therapeu- 
(1994); Dean, Cell Tissue Kinet. 13:299-308 (1980); Dean, tics. Similar strategies can be applied for other types of 
Cell Tissue Kinet 13:672-681 (1980)). The increase in cell 45 pathogens, such as chronic or recurrent bacterial infections, 
size which accompanies progress through the cell cycle can for which the the problem of drug resistance in the face of 
be measure by centrifugal elutriation (Faha et al., J Virol ongoing antibiotic therapy is particularly acute. 
67:2456-2465 (1993)). Increases in the number of cells may The MSCRs of the present invention may also be useful 
also be measured by counting the cells, with or without the in the development of chimeric receptor-expressing cells for 
addition of vital dyes. In addition, signal transduction can 50 the treatment of multiple infections. For example, an 
also be measured by the detection of phosphotyrosine, the in MSCR-containing T cell which recognizes HIV as well as 
vitro activity of tyrosine kinases from activated cells, c-myc another opportunistic pathogen such as CMV, herpesviruses, 
induction, and calcium mobilization as described in the etc. can also be used as an anti-AIDS therapeutic. Since 
Examples below. In the case of MSCRs containing EFSDs, immunocompromised individuals are also susceptible to 
one may determine whether the host cell has been provided 55 various bacterial infections, neutrophils may also be armed 
with an effector signal in a variety of ways well known to with multispecific chimeric receptors which recognize the 
those skilled in the art, depending on the EFSD and the cell major classes of relevant pathogens, 
type. For example, the activity of MSCEFRs and hybrid The MSCRs of the present invention may also be useful 
MSCRs in signaling cytotoxic effector function in engi- in treating viral and bacterial infections where antigenic 
neered cytotoxic T cells can be measured by the release of 6 o variation and the existence of multiple strains has limited 

Cr from labeled cells displaying extracellular inducer traditional, single agent therapies. For example, MSCRs 

molecules, while the activity of MSCEFRs and hybrid containing MSECDs which recognize multiple antigens or 

MSCRs in signaling helper effector function in engineered epitopes from a single pathogen can be used to treat HIV, 

helper T cells can be measured by the release of cytokines hepatitis A, B and C viruses, Kaposi's sarcoma-associated 

in the presence of inducer. 65 herpes virus, Herpes Simplex viruses, Herpes Zoster virus, 

In the present invention, a host cell may express two CMV, papilloma virus, respiratory syncytial virus, and influ- 

different MSCRs, one containing an effector function sig- enza viruses. 
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The MSCR-containing immune cells of the present inven- In addition, high-titer retroviral, adenoviral or other viral 

tion may also find application in cancer therapy, since or non-viral producer lines may be used to transduce the 

resistance to chemotherapeutic agents has been an important chimeric proliferation receptor constructs into autologous or 

obstacle in the successful use of traditional treatment regi- allogeneic nerve cells, hematopoietic cells including stem 

mens and combination chemotherapy has been limited by 5 ^ j^ts of Langerhans, keratinocytes, muscle cells or 

the significant side effects of these agents and the develop- other ^ fo i lowing ^ methods of retroviral, adenoviral or 

ment of multidrug resistance. In addition the high growth other viral or non . vira] mediated transfer described 

rate of malignant cells increases the potential for the selec- fa Finer rf ^ 83:4M8 8 (19M) and UA tem 

Uon of antigenic vanants or for resistance due to antigen or kt~ no/«i «n e- -i ♦ *u f^" 1 

epitope loss As an example, B cell lymphoma can belated ft t N °, P 8 ' 333 ' 680 ' Smn ! ar t0 ^ PJ 0 ? 6 ^ 

with MSCRs which recognize more than one pan-B cell 10 descnbe f ^ S enes may be included in the 

surface marker such as CD19, CD20 or CD22, and/or retroviral, adenoviral or other viral or non-viral constructs in 

markers specific for mahgnant but not resting B cells, such add »tion to the chimeric proliferation receptor in the recipi- 

as the interleukin-14 receptor. ent ce ^- After introduction of the construct into the cell type 

The present invention may also be useful as a cancer. of interest > ^ cells ma y expanded in an appropriate 

therapy in the MSCR's ability to target cytotoxic cells to 15 weU known in the art and used in a variety of ways 

cancers such as melanoma in which the host can mount a previously described. 

tumor antigen-specific T cell response. The availability of The following examples are by way of illustration and not 

CTL clones from patients to MHC-restricted epitopes on by way of limitation, 
melanoma has permitted the molecular analysis of the Tcell 

receptors responsible for tumor killing (Mandelboim et al., 20 EXAMPLES 
Nature, 369:67-71 (1994); Cox et al., Science, 264:716-719 

(1994)). However, in employing a single-chain T cell recep- Example 1 

tor (scTCR) of sufficient afEnity to redirect cytolysis, a given Multispecific antibodies comprising multiple antibody 

chimeric receptor would still be MHC-restricted and active extracellular clustering domains and an Ig-Fc effector func- 
in only a small fraction of the patient population. Multispe- 2 5 tion domain. 

cific scTCR's could be developed which would recognize Multispecific antibodies were created which contain two 

the relevant tumor-specific peptide antigen in the context of or more extracellular clustering domains (ECDs) which are 

many HLAhaplotypes. Such 'semi-universal' receptors may derived &om antibodies and/or single-chain antibodies, or 

be capable of dealing with a particular disease target in most modifications thereof. The constructs described in this 

affected individuals. 30 exam pi e contain two SCFv domains which were derived 

The MSCR technology may also be used to treat autoim- from the 98.6 human monoclonal antibody (Mab), which is 

mune disorders such as multiple sclerosis, rheumatoid specific for the HI V-l gp41 envelope glycoprotein, and the 

arthritis, type 1 diabetes mellitus, myasthenia gravis and 447D human MAb, which is specific for the HIV-1 gpl20 

Graves' disease, where the autoreactive T cells and/or B envelope glycoprotein. The 98.6 light-linker-heavy (LLH) 

cells are oligo- or polyclonal. Immune cells bearing MSCRs 35 SCFv consists of (from N- to C-terminus): 1) the Vk signal 

which recognize the members of the restricted T cell recep- sequence and VK variable domain (residues 1-107 of the 

tor (TCR) repertoire expressed by the disease-causing mature protein) of the 98.6 MAb, 2) the 14 amino acid L212 

autoreactive T cells can be used.to treat autoimmune disease. peptide linker (Gly-Ser-Thr-Ser-Gly-Ser-Gly-Lys-Ser-Ser- 

In particular, restricted TCR expression has been observed Glu-Gly-Lys-Gly) (SEQ ID NO:23) (Bedzyk et al J.Biol 

for the T cells found at the sites of disease in multiple 40 Chem. (1990) 265: 18615-18620), and 3) the VH variable 

sclerosis (brain) (Oksenberg et al., Proc. Natl Acad. Sci, domain (residues 1-113 of the mature protein) of the 98.6 

86:988-992 (1989)) and rheumatoid arthritis (joint MAb. The 447D Ught-linker-heavy (LLH) SCFv consists of 

synovium) (Stamenkovic et al, Proc. Natl Acad. Set,, (from N- to C-terminus): 1) the VX signal sequence and Vk 

85:1179-1183 (1988)). variable domain (residues 1-107 of the mature protein) of 

High-titer retroviral producer lines are used to transduce 45 the 447D MAb, 2) the 14 amino acid L212 peptide linker, 

the chimeric proliferation receptor constructs into autolo- and 3) the VH variable (residues 1-113 of the mature' 

gous or allogeneic human T-cells, hematopoietic stem cells protein) of the 447D MAb. Alternatively, the 98.6 and 447D 

or other cells, described above through the process of SCFv's are created as heavy -linker-light (HLL) constructs in 

retroviral mediated gene transfer as described by Lusky et al. which the heavy chain variable domain precedes the light 

in (1992) Blood 80:396. In addition to the gene encoding the 50 chain variable domain, connected by a suitable oligo- or 

chimeric proliferation receptor, additional genes may be polypeptide linker. Both LLH or HLL SCFv derivatives of 

included in the retroviral construct. These include genes the 98.6 and 447D MAbs may be constructed using a variety 

such as the thymidine kinase or cytosine deaminase genes of oligo- and polypeptide linkers. In this example; the 98.6 

(Borrelli et al. (1988) Proc. Natl Acad. Sci. USA 85:7572) LLH SCFv was joined at its C-terminus (residue 113 of the 

which acts as a suicide gene for the marked cells if the 55 VH variable domain) to the N-terminus of the 447D LLH 

patient is exposed to gancyclovir or 5'-fiuorouracil (5FU), SCFv (residue 1 of the Vk variable domain). Alternatively, 

respectively. Thus, if the percentage of marked cells is too the 447D LLH SCFv is joined at its C-terminus (residue 113 

high, gancyclovir or 5FU may be administered to reduce the of the VH variable domain) to the N-terminus of the 98.6 

percentage of cells expressing the chimeric receptors. In LLH SCFv (residue 1 of the Vk variable domain). Either 

addition, if the percentage of marked cells needs to be 60 LLH SCFv may be substituted for by the corresponding 

increased, the multi-drug resistance gene can be included HLL SCFv, or modifications thereof. The two SCFv's were 

(Sorrentino et al. (1992) Science 27:99) which functions as joined either directly, or via an oligo- or polypeptide linker, 

a preferential survival gene for the marked cells in the The C-terminus of the second SCFv was fused in turn to the 

patients if the patient is administered a dose of a chemo- hinge and Fc region (residues 226-478) of the human IgG2 

therapeutic agent such as taxol. Therefore, the percentage of 65 heavy chain. Mammalian expression vectors for the 98.6 

marked cells in the patients can be titrated to obtain the SCFv/447D SCFv multispecific antibodies described in this 

maximum therapeutic benefit. example were constructed using plasmid pMSAblint. This 
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intermediate plasmid was constructed from three DNA frag- 
ments: 1) a 3.9 kb vector fragment obtained by digestion of 
pIKl.l with EcoRI and Sfil, 2) a 1.0 kb fragment encoding 
the 98.6 LLH SCFv domain, obtained by digestion of 
pIK98.6KLHy2 with Pmll, modification of the cohesive end 
with T4 DNA polymerase and dNTPs to create a blunt end, 
followed by digestion with EcoRI, and 3) a 1.9 kb fragment 
encoding the 447D LLH SCFv domain and the human IgG2 
hinge and Fc domains, obtained by digestion of 
pIK447DLLHy2 with EcoRI, modification of the cohesive 
end with T4 DNA polymerase and dNTPs to create a blunt 
end, followed by digestion with Sfil. pMSAblint was iden- 
tified by restriction enzyme analysis and used to prepare 
single-stranded DNA template for oligonucleotide-directed 
mutagenesis. In each example, the correct expression plas- 
mid was identified by restriction mapping and its structure 
was confirmed by DNA sequencing. 

Example 1A 
SAb(agp41)-SAb(agpl20)-Fc 

pIK-SAb(agp41)-SAb(agpl20)-Fc directs the expression 
of a hybrid protein consisting of the Vk signal sequence and 
SCFv domain of 98.6-LLH joined at its C-terminus (98.6- 
VH residue 113) to the N-terminus of the SCFv domain of 
447D-LLH (447D-VX residue 1), followed by the human 
IgG2 hinge and Fc domains (residues 226-478). This plas- 
mid is constructed by oligonucleotide-directed mutagenesis 
using single-stranded pMSAblint DNA as the template with 
oligonucleotide 1 (SEQ ID NO:l) as the primer. The correct 
expression plasmid was identified by colony hybridization 
using oligonucleotide 2 (SEQ ID NO:2)as a probe. 

Example IB 
SAb(ctgp41)-Ll-SAb(agpl20>Fc . 

pIK-SAb(agp41)-Ll-SAb(agpl20)-Fc directs the 
expression of a hybrid protein consisting of the Vk signal 
sequence and SCFv domain of 98.6-LLH joined at its 
C-terminus (98.6-VH residue 113) by a 14 amino acid linker 
(Gly-Ser-Thr-Ser-Gly-Ser-Gly-Lys-Ser-Ser-Glu-Gly-Lys- 
Gly) (SEQ ID NO:23) to the N-terminus of the SCFv 
domain of 447D-LLH (447D-VX residue 1), followed by the 
human IgG2 hinge and Fc domains (residues 226-478). This 
plasmid is constructed by oligonucleotide-directed mutagen- 
esis using single-stranded pMSAblint DNA as the template 
with oligonucleotide 3 (SEQ ID NO:3)as the primer. The 
correct expression plasmid was identified by colony hybrid- 
ization using oligonucleotide 4 (SEQ ID NO:4)as a probe. 

Example 1C * 
SAb(agp41)-L2-SAb(agpl20>Fc 

pIK-SAb(agp41)-L2-SAb(agpl20)-Fc directs the 
expression of a hybrid protein consisting of the Vk signal 
sequence and SCFv domain of 98.6-LLH joined at its 
C-terminus (98.6-VH residue 113) by a 25 amino acid linker 
(Ser-Ser- Ala-Asp-Asp- Ala-Lys-Lys- Asp- Ala-Ala-Lys-Lys- 
Asp-Asp-Ala-Lys-Lys-Asp-Asp-Ala-Lys-Lys-Asp-Gly) 
(SEQ ID NO:24) to the N-terminus of the SCFv domain of 
447D-LLH (447D-VX residue 1), followed by the human 
IgG2 hinge and Fc domains (residues 226-^78). This plas- 
mid is constructed by oligonucleotide-directed mutagenesis 
using single-stranded pMSAblint DNA as the template with 
oligonucleotide 5 (SEQ ID NO:5)as the primer. The correct 
expression plasmid was identified by colony hybridization 
using oligonucleotide 6 (SEQ ID NO:6)as a probe. 

Example ID 
SAb(agp41)-L3-SAb(agpl20)-Fc 

pIK-SAb(agp41)-L3-SAb(agpl20)-Fc directs the 
expression of a hybrid protein consisting of the Vk signal 
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sequence and SCFv domain of 98.6-LLH joined at its 
C-terminus (98.6-VH residue 113) by a 10 amino acid linker 
(Asp-Lys-Thr-His-Thr-Ser-Pro-Pro-Ser-Pro) (SEQ ID 
NO:25) to the N-terminus of the SCFv domain of 447D- 
LLH (447D-VX residue 1), followed by the human IgG2 
hinge and Fc domains (residues 226-478). This plasmid is 
constructed by oligonucleotide-directed mutagenesis using 
single-stranded pMSAblint DNA as the template with oli- 
gonucleotide 7 (SEQ ID NO:7)as the primer. The correct 
expression plasmid was identified by colony hybridization 
using oligonucleotide 8 (SEQ ID NO: 8) as a probe. 

Example IE 
SAb(agp41)-L4-SAb(agpl20)-Fc 

pIK-SAb(agp41)-L4-SAb(agpl20)-Fc directs the 
expression of a hybrid protein consisting of the Vk signal 
sequence and SCFv domain of 98.6-LLH joined at its 
C-terminus (98.6-VH residue 113) by an 18 amino acid 
linker (Glu-Leu-Gln-Leu-Glu-Glu-Ser-Ser-Ala-Glu-Ala- 
Gln-Asp-Gly-Glu-Leu-Asp) (SEQ ID NO:26) to the 
N-terminus of the SCFv domain of 447D-LLH (447D-VX 
residue 1), followed by the human IgG2 hinge and Fc 
domains (residues 226-478). This plasmid is constructed by 
oligonucleotide-directed mutagenesis using single-stranded 
pMSAblint DNA as the template with oligonucleotide 9 
(SEQ ID NO: 9) as the primer. The correct expression 
plasmid was identified by colony hybridization using oligo- 
nucleotide 10 (SEQ ID NO:10) as a probe. 

Example 2 

30 Multispecific antibodies comprising an antibody extracellu- 
lar clustering domain, a ligand-receptor (CD4) extracellular 
clustering domain, and an Ig-Fc effector function domain. 

Multispecific antibodies were created which contain two 
or more extracellular clustering domains (ECDs), at least 

35 one of which is derived from an antibody and/or single- 
chain antibody, or modifications thereof, and at least one of 
which is derived from a ligand-receptor binding domain, or 
modifications thereof. The constructs described in this 
example contain the 447D LLH SCFv domain (described in 

40 example 1), and the human CD4 VI & V2 domains, which 
bind with high affinity to the HIV-1 gpl20 envelope glyco-; 
protein. Alternatively, the 447D SCFv's are created as HLL 
constructs in which the heavy chain variable domain pre- 
cedes the light chain variable domain, connected by a 

45 suitable oligo- or polypeptide linker. Both LLH or HLL 
SCFv derivatives of the 447D MAb may be constructed 
using a variety of oligo- and polypeptide linkers. Other 
portions of CD4 may be employed in such constructs 
including the entire CD4 EXT domain (residues 1-371 of 

50 the mature polypeptide) as well as various truncations and/or 
modifications thereof. In this example, the 447D LLH SCFv 
was joined at its C-terminus (residue 113 of the VH variable 
domain) to the N-terminus of the CD4 protein (residue 1 of 
the mature polypeptide). Alternatively, the CD4 protein is 

55 joined at the C-terminus of its EXT domain (residue 371 of 
the mature polypeptide, or truncations thereof, e.g. residue 
180 which resides at the C-terminus of the CD4 VI & V2 
domains) to the N-terminus of the 447 LLH SCFv (residue 
1 of the Vk variable domain). The 447D LLH SCFv may be 

60 substituted for by the corresponding HLL SCFv, or modi- 
fications thereof. The 447D LLH SCFv was joined to the 
CD4 protein either direcdy, or via an oligo- or polypeptide 
linker. The. C-terminus of the CD4 VI & V2 domains, was 
fused in turn to the hinge and Fc region (residues 226-478) 

65 of the human IgG2 heavy chain. Mammalian expression 
vectors for the 447D SCFv/CD4 VI V2 multispecific anti- 
bodies described in this example were constructed using 
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pi asm id pMSAb2int. This intermediate plasmid was con- 
structed from three DNA fragments: 1) a 3.9 kb vector 
fragment obtained by digestion of pIKl.l with EcoRI and 
Sfil, 2) a 1.0 kb fragment encoding the 447D LLH SCFv 
domain, obtained by digestion of pIK447DLU*Y2 with 5 
Pmll, modification of the cohesive end with T4 DNA 
polymerase and dNTPs to create a blunt end, followed by 
digestion with EcoRI, and 3) a 1.9 kb fragment encoding the 
CD4 VI & V2 domains linked at their C-terminus to the 
hinge and Fc regions of the human IgG2 heavy chain, 10 
obtained by digestion of pIKCD4y2 with EcoRI, modifica- 
tion of the cohesive end with T4 polymerase and dNTPs to 
create a blunt end, followed by digestion with SnT. 
pMSAb2int was identified by restriction analysis, and used 
to prepare single-stranded DNA template for 15 
oligonucleotide -directed mutagenesis. In each example, the 
correct expression plasmid was identified by restriction 
mapping and its structure was confirmed by DNA sequenc- 
ing. 

20 

Example 2A 

SAb(agpl20)-CD4-Fc 

pIK-SAb(agpl20)-CD4-Fc directs the expression of a 
hybrid protein consisting of the VX signal sequence and 
SCFv domain of 447D-LLH joined at its C-terminus (447D- 25 
VH residue 113) to the N-terminus of human CD4 (residues 
1-180 of the mature polypeptide), followed by the human 
IgG2 hinge and Fc domains (residues 226-^78). This plas- 
mid is constructed by oligonucleotide-directed mutagenesis 
using single stranded pMSAb2int DNA as the template with 30 
oligonucleotide 11 (SEQ ID NO: 12) as the primer. The 
correct expression plasmid was identified by colony hybrid- 
ization using oligonucleotide 12 (SEQ ID NO:12)as a probe. 

Example 2B 35 
SAb(agpl20)-Ll-CD4-Fc 

pIK-SAb(agpl20)-Ll-CD4-Fc directs the expression of a 
hybrid protein consisting of the VX signal sequence and 
SCFv domain of 447D-LLH joined at its C-terminus (447D- 
VH residue 113) by a 14 amino acid linker (Gly-Ser-Thr- 
Ser-Gly-Ser-Gly-Lys-Ser-Ser-Glu-Gly-Lys-Gly) (SEQ ID 
NO:23) to the N-terminus of human CD4 (residues 1-180 of 
the mature polypeptide), followed by the human IgG2 hinge 
and Fc domains (residues 226-478). This plasmid is con- 45 
structed by oligonucleotide-directed mutagenesis using 
single stranded pMSAb2int DNA as the template with 
oligonucleotide 13 (SEQ ID NO:13)as the primer. The 
correct expression plasmid was identified by colony hybrid- 
ization using oligonucleotide 4 (SEQ ID NO:4)as a probe. 5Q 

Example 2C 
SAb(agpl20)-L2-CD4-Fc 

pIK-SAb(agpl20)-L2-CD4-Fc directs the expression of a 
hybrid protein consisting of the VX signal sequence and 55 
SCFv domain of 447D-LLH joined at its C-terminus (447D- 
VH residue 113) by a 25 amino acid linker (Ser-Ser-Ala- 
Asp-Asp-Ala-Lys-Lys-Asp-Ala-Ala-Lys-Lys-Asp-Asp-Ala- 
Lys-Lys-Asp-Asp-Ala-Lys-Lys-Asp-Gly) (SEQ ID NO:24) 
to the N-terminus of human CD4 (residues 1-180 of the 60 
mature polypeptide), followed by the human IgG2 hinge and 
Fc domains (residues 226-478). This plasmid is constructed 
by oligonucleotide-directed mutagenesis using single 
stranded pMSAb2int DNA as the template with oligonucle- 
otide 14 (SEQ ID NO:14)as the primer. The correct expres- 65 
sion plasmid was identified by colony hybridization using 
oligonucleotide 6 (SEQ ID NO:6)as a probe. 



Example 2D 
SAb(agpl20)-L3-CD4-Fc 

pIK-SAb(agpl20)-L3-CD4-Fc directs the expression of a 
hybrid protein consisting of the VX signal sequence and 
SCFv domain of 447D-LLH joined at its C-terminus (447D- 
VH residue 113) by a 10 amino acid linker (Asp-Lys-Thr-. 
His-Thr-Ser-Pro-Pro-Ser-Pro) (SEQ ID NO:25) to the 
N-terminus of human CD4 (residues 1-180 of the mature 
polypeptide), followed by the human IgG2 hinge and Fc 
domains (residues 226-478). This plasmid is constructed by 
oligonucleotide-directed mutagenesis using single stranded 
pMSAb2int DNA as the template with oligonucleotide 15 
(SEQ ID NO: 15) as the primer. The correct expression 
plasmid was identified by colony hybridization using oligo- 
nucleotide 8 (SEQ ID NO:8) as a probe. 

Example 2E 
SAb(agpl20)-L4-CD4-Fc 

pIK-SAb(agpl20)-L4-CD4-Fc directs the expression of a 
hybrid protein consisting of the VX signal sequence and 
SCFv domain of 447D-LLH joined at its C-terminus (447D- 
VH residue 113) by an 18 amino acid linker (Glu-Leu-Gln- 
Leu-Glu-Glu-Scr-Ser-./SJa-Glu-AJa-Gln-Asp-Gly-Glu-Leu- 
Asp) (SEQ ID NO:26) to the N-terminus of human CD4 
(residues 1-180 of the mature polypeptide), followed by the 
human IgG2 hinge and Fc domains (residues 226-478). This 
plasmid is constructed by oligonucleotide-directed mutagen- 
esis using single stranded pMSAb2int DNA as the template 
with oligonucleotide 16 (SEQ ID NO:16) as the primer. The 
correct expression plasmid was identified by colony hybrid- 
ization using oligonucleotide 10 (SEQ ID NO: 10) as a 
probe. 

Example 3 

Expression & characterization of multispecific antibodies 

To determine whether each multispecific antibody can be 
efficiently expressed and secreted, and thus properly folded, 
each corresponding mammalian expression vector was 
transfected into a model mammalian cell, using the human 
293 embryonic kidney cell line (ATCC CRL 1573). Follow- 
ing transfection, the expression and corresponding apparent 
molecular mass of each polypeptide was evaluated by radio - 
immunoprecipitatiou (RIP), and the level of secretion was 
quantitated using an enzyme-linked immunosorbent assay 
(EUSA). 

Example 3A 

Transfection of human 293 cells with multispecific antibody 
expression vectors. 

For transfection, 293 cells were grown in DMEMF12 
media (JRH Biosciences) containing 10% fetal calf serum, 
and passaged at a 1:8 to 1:12 split ratio every 3 to 4 days. 
Forty-eight hours prior to transfection, cells were plated by 
passaging the contents of one subconfluent 10 cm tissue 
culture dish onto twenty 6 cm tissue culture dishes. Five /<g 
of each expression plasmid DNA was transfected onto a 6 
cm dish by the calcium phosphate coprecipitation method 
(Wigler et al. (1979) Cell 16:777). Sixteen hours after 
transfection, the transfected cells were fed with fresh com- 
plete medium. The expression of multispecific antibody 
polypeptides was evaluated by RIP analysis and ELISA at 48 
hours post-transfection. 

Example 3B 

Radioimmunoprecipitation analysis of multispecific anti- 
bodies expressed in transfected 293 cells 

Forty hours after transfection, 293 cells were fed with 2 
ml of methionine- and cysteine-deficient RPMI media con- 



TABLE 1 




Construct 


Concentration (wg/ml) 


5 


CD4-Fc 


1.6 




SAb(agp41)-Fc 


1.2 




SAb(agpl20-Fc 


1.3 




SAb(agp41)-SAb(agpl 20)-Fc 


0.23 




SAb(agp41)-U-SAb(agpl20)-Fc 


0.65 




SAb(agp41)-L2-SAb(agpl20)-Fc 


0.75 


10 


SAb(aep41)-L3-SAb(agpl20)-Fc 


0.40 




SAb(agp41)-M-SAb(agpl20)-Fc 


0.48 




SAb(agpl20>CD4-Fc 


0.05 




SAb(agpl20>Ll-CD4-Fc 


0.17 




SAb(agpl20>L2-CD4-Fc 


0.19 




SAb(agpl20>L3-CD4-Fc 


0.10 


15 


SAb(agpl20>L4-CD4-Fc 


0.12 
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taining 10% dialysed fetal calf serum, supplemented with 
[35S]-methionine and [35S]-cysteine (Tran35Slabel, 1160 
Ci/mMol, ICN Biomedicals, Inc., Irvine, Calif.). Cells were 
cultured for an additional 8 hours, the conditioned medium 
harvested, and the labelled cells lysed in RIPA buffer (50 
mM Tris pH 7.5, 150 mM NaCl, 1% Triton X-100, 0.5% 
sodium deoxycholate, 0.1% sodium dodecyl sulfate (SDS)). 
For radio-immunoprecipitation, labelled conditioned 
medium was mixed with an equal volume of 2X RIPA buffer. 
35S-labelled multispecific antibodies, which bind to the 
Staphylococcus aureus Protein A via their IgG2 Fc domain, 
were then precipitated with 10 /4 Pansorbin (Calbiochem, 
La Jolla, Calif.). Immunoprecipitates were washed three 
times in RIPA buffer and once in distilled water, and boiled 
for several minutes in SDS sample buffer (50 mM Tris-HCl, 
pH 6.8, 150 mM P-mercaptoethanol, 2% SDS, 10% 

glycerol). Immunoprecipitates were also analysis following Exam le 4 

boiling in non-reducing SDS sample buffer (lacking T . P 6 „ 

P-mercaptoethanol). Samples were analysed by 10% SDS 20 £«uid/ant<gen Ending properties of multispecific antibod- 

polyacrylamide gel electrophoresis (SDS-PAGE). Gels were * 

fixed in 20% methanol and 10% acetic acid, soaked in . M ^^™ MU ^^ ™ ^ 

Enlightening solution (NEN Research Products, Boston, J™™ ? ^Vh , * 

\aa\c ie • * j- j j 4 j4 t . characterized for their ability to bind to the HIV-lgp 120 and 

^) for 5 mmutes dned and subjected ^ prot e ins which ^ the proteolytic cleavage praducts of 

This analysis revealed that multispecific antibodies of the 25 ^ ^ pfecursor * ' J> ^ ^ 

predicted molecular mass are expressed and secreted into the express wild-type gpl60env or mutant forms of gpl60env in 

culture medium (FIG. 3). Samples analysed by SDS-PAGE wh i ch one or aDOther binding epitope is impaired, 

under non-denaturing conditions revealed multispecific anti- To facilitate this ce n ^ are generated which 

bodies with the molecular mass expected for the correspond- efficiently express surface gpl20 and gp41 polypepudes. 

ing homodimenc proteins. - Mutants of gpl60env are generated which have significantly 

diminished binding to at least one of the ECDs present in a 
Example 3C given multispecific antibody to permit detection of binding 
ELISA analysis of multispecific antibodies secreted by mediated by the other ECD(s) present. Levels of binding are 
transfected 293 cells 35 determined by FACS analysis using the multispecific anti- 
Human 293 cells were transfected as described above and bodies t0 stain the gpl60env-expressing cells, 
were fed fresh medium 16 hours later. Forty-eight hours 

after transfection the conditioned medium from the traas- Example 4A 

fected cells was harvested and analysed by ELISA Nunc Vectors for efficient expression of HIV-1 gpl60env 

Maxisorp microliter plates (Nunc Inc., Naperville, 111.) were 40 pIKenv+/rev+/tat- is a vector designed to allow the 

coated for 16 hours at 4° C. with an (Fab*)2 fragment derived efficient expression of gpl60env in mammalian cells, based 

from a rabbit anti-human IgG polyclonal antisera (Accurate on the observation that while expression of the rev gene 

Chemical and Scientific Corporation Westbury, N.Y.), that product is essential for efficient expression of gpl60env, 

was diluted 1:1000 in 0.05 M sodium carbonate buffer pH expression of the tat gene product may be inhibitory (Bird et 

9.6. Plates were then washed three times in PBS containing 45 al. J. Biol Chenu (1990) 265: 19151-19157). This plasmid 

0.05% TVeen-20 (PBS-Tween), followed by blocking with was made in two steps. The first step was the construction of 

PBS containing 1% bovine serum albumin (PBSA) at room pIKenv, which directs the expression of three HIV gene 

temperature for 1 hour. Human IgG2 (Calbiochem, La Jolla, products: env, rev and tat. This plasmid was constructed 

Calif.) was employed as a positive control standard in the from two DNA fragments: 1) a 4.3 kb vector fragment 

assays. Samples and standards were diluted in PBSA, added 50 obtained by digestion of pIKl.l with Bgin, modification of 

to the antibody-coated plates, and the plates then incubated the cohesive end with T4 DNA polymerase and dNTPs to 

for 16 hours at 4° C. Plates were washed three* times with create a blunt end, followed by digestion with EcoRI, and 2) 

PBS-Tween, and an enzyme-linked detection antibody was a 3.1 kb fragment encoding the env, rev and tat gene 

added to the plates and incubated for 1 hour at room products of the HXB2 isolate of HIV-1, obtained by diges- 

temperature. The detection antibody used was horseradish 55 tion of pCMVenv (U.S. Pat. No. 5,359,046) with Xhol, 

peroxidase-conjugated goat anti-human IgG polyclonal anti- modification of the cohesive end with T4 DNA polymerase 

sera (Boehringer Mannheim Biochemicals, Indianapolis, and dNTPs to create a blunt end, followed by digestion with 

Ind.) that was diluted 1:50,000 in PBSA. Plates were then EcoRI. pIKenv was identified by restriction analysis, and 

washed 3 times with PBS-Tween and an indicator solution used in the second step to prepare a single-stranded DNA 

consisting of 1.7 mg/ml o-phenylenediamine hydrochloride 60 template for oligomicleotide-directed mutagenesis using oli- 

in 16 mM citrate buffer pH 4.5 was added. Color develop- gonucleotide 17 (SEQ ID NO:17)as a primer to remove the 

ment was stopped by the addition of 1 M sulfuric acid, and initiator methionine codon (ATG) and the adjacent arginine 

the results read on a U Vmax microplate reader (Molecular codon (GAG) of the tat gene, and to replace these sequences 

Devices Corporation, Menlo Park, Calif.). As shown in with a novel PstI site (CTGCAG). The correct plasmid, 

Table 1, significant levels of each of the multispecific 65 pIKenv+/rev+/tat-, was identified by colony hybridization 

antibodies described in Examples 1A-E and 2A-E were using oligonucleotide 18 (SEQ ID NO:18)as a probe and its 

detected in the culture supernatants of transfected 293 ceils. structure was confirmed by DNA sequencing. 
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Example 4B 

Expression of an HIV-1 gpl60env gene with a mutation in 
the CD4 binding site 

pIKenvG370R/rev+/tat- directs the expression of a 
mutant gpl60env polypeptide in which Glu-370 is replaced 5 
with Arg, which results in a loss of CD4 binding (Olshevsky 
et al.,7. Virol. 64: 5701- 5707). This plasmid is constructed 
by oligonucleotide-directed mutagenesis using single- 
stranded pIKenv+/rev+/tat- DNA with oligonucleotide 19 
(SEQ ID NO: 19) as the primer. The correct expression 10 
plasmid is identified by colony hybridization using oligo- 
nucleotide 20 (SEQ ID NO:20)as a probe, and its structure 
is confirmed by DNA sequencing. 



26 



Example 4C 

Expression of an HTV-1 gpl60env gene with a mutation in 
the 447D MAb binding site 

pIKenvR315Q/rev+/tat- directs the expression of a 
mutant gpl60env polypeptide in which Arg-315 is replaced 
with Gin, which results in a loss of 447D MAb binding 
(Gorny et al, J. Virol 66: 7538-7542). This plasmid is 
constructed by oligonucleotide-directed mutagenesis using 
single stranded pIKenv+/rev+/tat- DNA with oligonucle- 
otide 21 (SEQ ID NO: 21) as the primer. The correct expres- 
sion plasmid is identified by colony hybridization using 
oligonucleotide 22 (SEQ ID NO:22) as a probe, and its 
structure is confirmed by DNA sequencing. 

Example 4D j 
Binding of multispecific antibodies to mutant and wild-type 
HIV-1 gpl60env polypeptides 

Human 293 cells are transfected with vectors directing the 
expression of the multispecific antibodies described in 
Examples 1 & 2, as well as vectors directing the expression 
of the parent monospecific antibodies (pIKCD4y2 for CD4- 
Fc, pIK447D-LLHy2 for 447D-LLH-Fc, and 
pIK98.6KLHy2 for 98.6-LLH-Fc). Superaatants from trans- 
fected 293 cells are analysed by ELISA to determine the 
concentration of the recombinant proteins secreted into the 
culture medium. Known amounts of each recombinant pro- 
tein are then used to determine their ability to bind to cell 
surface-expressed wild-type and mutant gpl60env 
polypeptides, by FACS analysis of human 293 cells which 
have been transfected with pIKenv+/rev+/tat-, 
pIKenvG370R/rev+/tat- and pIKenvR315Q/rev+/tat-. Fol- 
lowing the binding of each multispecific or monospecific 
antibody, the cells are stained with FITC-conjugated mouse 
anti-human IgG MAb (Becton Dickinson Immunocytometry 
Systems, San Jose, Calif.). The difference in the degree of 
fluorescence intensity obtained with multispecific antibodies 
versus each of the parent monospecific antibodies on trans- 
fected cells expressing either mutant or wild-type gpl60env 
polypeptides reveals the ability of each ECD contained 
within a given multispecific antibody to bind to gpl60env. 

Example 5 

MSCRs comprising multiple antibody extracellular cluster- 
ing domains and a % family signaling domain. 

Multispecific chimeric receptors (MSCRs) were created 
from multispecific antibodies which contain two or more 
extracellular clustering domains (ECDs) derived firora anti- 
bodies and/or single-chain antibodies, or modifications 
thereof. The constructs described in this example contain 
two LLH SCFv domains which were derived from the 98.6 
and 447D human MAbs, respectively, as described in 
Example 1. Alternatively, the 98.6 and 447D SCFv's are 
created as heavy-linker-light (HLL) constructs in which the 
heavy chain variable domain precedes the light chain van- 
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able domain, connected by a suitable oligo- or polypeptide 
linker. Both LLH or HLL SCFv derivatives of the 98.6 and 
447D MAbs may be constructed using a variety of oligo- 
and polypeptide linkers. In this example, the 98.6 LLH 
SCFv was joined at its C-terminus (residue 113 of the VH 
variable domain) to the N-terminus of the 447D LLH SCFv 
(residue 1 of the VK variable domain). Alternatively, the 
447D LLH SCFv is joined at its C-terminus (residue 113 of 
the VH variable domain) to the N-terminus of the 98.6 LLH 
SCFv (residue 1 of the Vk variable domain). Either LLH 
SCFv may be substituted for by the corresponding HLL 
SCFv, or modifications thereof. The two SCFv's were joined 
either directly, or via an oligo- or polypeptide linker. The 
C-terminus of the second SCFv was fused in turn to the 
hinge and Fc region (residues 226-477) of the human IgG2 
heavy chain, followed by (from N- to C-terminus): the 18 
residue human IgG3 Ml membrane hinge, the CD4 TM 
domain (residues 372-395 of the mature polypeptide), and 
the £ CYT domain (residues 31-142 of the mature 
polypeptide). Mammalian transduction -expression vectors 
for the 98.6 SCFv/447D SCFv MSCRs described in this 
example were constructed using plasmid pRT43.2F16, a 
retroviral vector which directs the expression of the SAb-£ 
monospecific chimeric receptor F16 (U.S. Pat. No. 5,359, 
046) which contains the 98.6 LLH SCFv domain fused to 
(from N- to C-terminus): the Fc domain of human IgGl 
heavy chain, the IgG3 Ml membrane hinge domain, the 
CD4 TM domain, and the t; CYT domain. Plasmid 
pRT43.2F16 was constructed from three fragments: 1) a 6.7 
kb vector fragment obtained by digestion of pRT43.2F3 (as 
described in U.S. patent application Ser. No. 08/258,152) 
with EcoRI and Apa I, 2) a 1.4 kb fragment encoding the 
98.6 LLH SCFv domain and the N-terminal portion of the 
IgGl Fc domain, obtained by digestion of pIKF16 (U.S. Pat. 
No. 5,359,046) with EcoRI and Nsil, and 3) a 0.7 kb 
fragment encoding the remainder of the IgGl Fc domain, the 
IgG3 membrane hinge domain, the CD4TM domain and the 
£ CYT domain, obtained by digestion of pIKF16 with Nsil 
and Apal. The construction of MSCRs with an IgG2 Fc 
domain using a monospecific chimeric receptor with an 
IgGl Fc domain was facilitated by the fact that the CH3 
regions of the human IgGl and IgG2 Fc domains share a 
unique Nsil site, and the amino acid sequences of each 
which follow this restriction site are identical. In each 
example, the correct expression plasmid was identified by 
restriction mapping. 

Example 5A 
SAb(agp41)-SAb(agpl20)-Fc-t; 

pRT-SAb(agp41)-SAb(agpl20)-Fc< directs the expres- 
sion of a hybrid protein consisting of the Vk signal sequence 
and SCFv domain of 98.6-LLH joined at its C-terminus 
(98.6-VH residue 113) to the N-terminus of the SCFv 
domain of 447D-LLH (447D-VX residue 1), followed by 
(from N- to C-terminus): the human IgG2 hinge and Fc 
domains (residues 226-478), the IgG3 Ml membrane hinge 
domain, the CD4 TM domain (residues 372-7-395 of the 
mature polypeptide) and the £ CYT domain (residues 
31-142 of the mature polypeptide). This plasmid is con- 
structed from two fragments: 1) a 7.5 kb vector fragment : 
encoding the C-terminal portion of the IgGl Fc domain 
(identical to the corresponding IgG2 region), the IgG3 Ml 
domain, the CD4 TM domain and the £ CYT domain, 
obtained by digestion of pIK43.2F16 with EcoRI and Nsil, 
and 2) a 2.0 kb fragment encoding the 98.6-LLH SCFv 
domain, the 447D-LLH SCFV domain and the N-terminal 
portion of the IgG2 Fc domain, obtained by digestion of 
pIK-SAb(agp41)-SAb(agpl20)-Fc with EcoRI and Nsil. 
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Example 5B 
SAb(agp41)-Ll-SAb(agpl20)-Fc-£ 

pRT-SAb(agp41)-Ll-SAb(agpl20)-Fc-£ directs the 
expression of a hybrid protein consisting of the Vk signal 
sequence and SCFv domain of 98.6-LLH joined at its 
C-terminus (98.6- VH residue 113) by a 14 amino acid 
peptide linker (Gly-Ser-Thr-Ser-Gly-Ser-Gly-Lys-Ser-Ser- 
Glu-Gly-Lys-Gly) (SEQ ID NO:23) to the N-terminus of the 
SCFv domain of 447D-LLH (447D-VX residue 1), followed 
by (from N- to C-terminus): the human IgG2 hinge and Fc 
domains (residues 226-478), the IgG3 Ml membrane hinge 
domain, the CD4 TM domain (residues 372-395 of the 
mature polypeptide) and the £ CYT domain (residues 
31-142 of the mature polypeptide). This plasmid was con- 
structed from two fragments: 1) a 7.5 kb vector fragment 
encoding the C-terminal portion of the IgGl Fc domain 
(identical to the corresponding IgG2 region), the IgG3 Ml 
domain, the CD4 TM domain and the £ CYT domain, 
obtained by digestion of pIK43.2F16 with EcoRI and Nsil, 
and 2) a 2.0 kb fragment encoding the 98.6-LLH SCFv 
domain, the 14 amino acid peptide linker, the 447D-LLH 
SCFv domain and the N-terminal portion of the IgG2 Fc 
domain, obtained by digestion of pIK-SAb(agp41)-Ll-SAb 
(agpl20)-Fc with EcoRI and Nsil. 

Example 5C 
SAb(agp41)-L2-SAb(agpl20)-Fc-£ 

pRT-SAb(agp41)-L2-SAb(agpl20)-Fc-? directs the 
expression of a hybrid protein consisting of the Vk signal 
sequence and SCFv domain of 98.6-LLH joined at its 
C-terminus (98.6-VH residue 113) by a 25 amino acid linker 
(Ser-Ser- Ala-Asp-Asp- Ala-Lys-Lys- Asp- Ala- Ala-Lys-Lys- 
Asp-Asp-Ala-Lys-Lys-Asp-Asp-Ala-Lys-Lys-Asp-Gly) 
(SEQ ID NO:24) to the N-terminus of the SCFv domain of 
447D-LLH (447D-VX residue 1), followed by (from N- to 
C-terminus): the human IgG2 hinge and Fc domains 
(residues 226-478), the IgG3 Ml membrane hinge domain, 
the CD4 TM domain (residues 372-395 of the mature 
polypeptide) and the X CYT domain (residues 31-142 of the 
mature polypeptide). This plasmid was constructed from 
two fragments: 1) a 7.5 kb vector fragment encoding the 
C-terminal portion of the IgGl Fc domain (identical to the 
corresponding IgG2 region), the IgG3 Ml domain, the CD4 
TM domain and the £ CYT domain, obtained by digestion of 
pIK43.2F16 with EcoRI and Nsil, and 2) a 2.1 kb fragment 
encoding the 98.6-LLH SCFv domain, the 25 amino acid 
peptide linker, the 447D-LLH SCFv domain and the 
N-terminal portion of the IgG2 Fc domain, obtained by 
digestion of pIK-SAb(agp41)-L2-SAb(agpl20)-Fc with 
EcoRI and Nsil. 

Example 5D 
SAb(agp41)-L3-SAb(agpl20)-Fc-£ 

P RT-SAb(agp41)-L3-SAb(agpl20)-Fc-£ directs the 
expression of a hybrid protein consisting of the Vk signal 
sequence and SCFv domain of 98.6-LLH joined at its 
C-terminus (98.6-VH residue 113) by a 10 amino acid linker 
(Asp-Lys-Thr-His-Thr-Ser-Pro-Pro-Ser-Pro) (SEQ ID 
NO:25) to the N-terminus of the SCFv domain of 447D- 
LLH (447D-VX residue 1), followed by (from N- to 
C-terminus): the human IgG2 hinge and Fc domains 
(residues 226-478), the IgG3 Ml membrane hinge domain, 
the CD4 TM domain (residues 372-395 of the mature 
polypeptide) and the £ CYT domain (residues 31-142 of the 
mature polypeptide). This plasmid is constructed from two 
fragments: 1) a 7.5 kb vector fragment encoding the 
C-terminal portion of the IgGl Fc domain (identical to the 
corresponding IgG2 region), the IgG3 Ml domain, the CD4 



TM domain and the £ CYT domain, obtained by digestion of 
pIX43.2F16 with EcoRI and Nsil, and 2) a 2.0 kb fragment 
encoding the 98.6-LLH SCFv domain, the 10 amino acid 
peptide linker, the 447D-LLH SCFv domain and the 
5 N-terminal portion of the IgG2 Fc domain, obtained by 
digestion of pIK-SAb(agp41>L3-SAb(agpl20)-Fc with 
EcoRI and Nsil. 
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Example 5E 
SAb(agp41)-L4-SAb(agpl20)-Fc-^ 

pRT-SAb(agp41)-L4-SAb(agpl20)-Fc-£ directs the 
expression of a hybrid protein consisting of the Vk signal 
sequence and SCFv domain of 98.6-LLH joined at its 
C-terminus (98.6-VH residue 113) by an i8 amino acid 
linker (Glu-Leu-Gln-Leu-Glu-Glu-Ser-Ser-Ala-Glu-Ala- 
Gln-Asp-GIy-Glu-Leu-Asp) (SEQ ID NO:26) to the 
N-terminus of the SCFv domain of 447D-LLH (447D-VX 
residue 1), followed by (from N- to C-terminus): the human 
IgG2 hinge and Fc domains (residues 226-478), the IgG3 
2Q Ml membrane hinge domain, the CD4 TM domain (residues 
372-395 of the mature polypeptide) and the £ CYT domain 
(residues 31-142 of the mature polypeptide). This plasmid is 
constructed from two fragments: 1) a 7.5 kb vector fragment 
encoding the C-terminal portion of the IgGl Fc domain 
(identical to the corresponding IgG2 region), the IgG3 Ml 
domain, the CD4 TM domain and the £, CYT domain, 
obtained by digestion of pIK43.2F16 with EcoRI and Nsil, 
and 2) a 2.0 kb fragment encoding the 98.6-LLH SCFv 
domain, the 18 amino acid peptide linker, the 447D-LLH 
3Q SCFv domain and the N-terminal portion of the IgG2 Fc 
domain, obtained by digestion of plK-SAb(agp41)-L4-SAb 
(agpl20>Fc with EcoRI and Nsil. 

Example 6 

MSCRs comprising an antibody extracellular clustering 

35 domain, a ligand-receptor (CD4) extracellular clustering 
domain, and a £ family signaling domain. 

Multispecific chimeric receptors (MSCRs) were created 
from multispecific antibodies which contain two or more 
extracellular clustering domains (ECDs), at least one of : 

40 which is derived from an antibody and/or single-chain 
antibody, or modifications thereof, and at least one of which 
is derived from a ligand-receptor binding domain, or modi- 
fications thereof. The constructs described in this example 
contain the 447D LLH SCFv domain, and the human CD4 

45 V1-V4 domains, which bind with high affinity to the HIV-1 
gpl20 envelope glycoprotein. Alternatively, the 447D 
SCFv's are created as HLL constructs in which the heavy 
chain variable domain precedes the light chain variable 
domain, connected by a suitable oligo- or polypeptide linker. 

50 Both LLH or HLL SCFv derivatives of the 447D MAb may 
be constructed using a variety of oligo- and polypeptide 
linkers. Portions of CD4 other than the entire CD4 EXT 
domain (residues 1-371 of the mature polypeptide) made be 
employed, including various truncations and/or modifica- 

55 tions thereof. In this example, the 447D LLH SCFv was 
joined at its C-terminus (residue 113 of the VH variable 
domain) to the N-terminus of the CD4 protein (residue 1 of 
the mature polypeptide). Alternatively, the CD4 protein is 
joined at the C-terminus of its entire EXT domain (residue 

60 371 of the mature polypeptide, or truncations thereof, e.g. 
residue 180 which resides at the C-terminus of the CD4 VI 
& V2 domains) to the N-terminus of the 447 LLH SCFv 
(residue 1 of the VK variable domain). The 447D LLH SCFv 
may be substituted for by the corresponding HLL SCFv, or 

65 modifications thereof. The 447D LLH SCFv was joined to 
the CD4 protein either directly, or via an oligo- or polypep- 
tide linker. The C-terminus of the CD4 EXT domain, was 
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fused in turn to the CD4 TM domain (residues 372-395 of 
the mature polypeptide), and the £ CYT domain (residues 
31-142 of the mature polypeptide). Mammalian 
transduction-expression vectors for the 447D SCFv/CD4 
MSCRs described in this example were constructed using 
pRT43.2F3, a retroviral vector which directs the expression 
of the CD4-£ monospecific chimeric receptor F3 (U.S. Pat. 
No, 5359,046) comprised of the CD4 EXT and TM domains 
fused to the £ CYT domain. The construction of MSCRs 
with a C-terminal CD4 EXT domain was facilitated by using 
a unique Nhel restriction site in CD4 which is present- in 
both the 447D SCFv/CD4 multispecific antibody and the 
CD4£ monospecific chimeric receptor. In each example, the 
correct expression plasmid was identified by restriction 
mapping. 

Example 6A 

SAb(agpl20)-CD4-£ 

pRT-SAb(agpl20)-CD4£ directs the expression of a 
hybrid protein consisting of the Vk secretion leader and 
SCFv domain of 447D-LLH joined at its C-terminus (447D- 
VH residue 113) to the CD4 EXT and TM domains (residues 
1-395 of the mature polypeptide) and the £ CYT domain 
(residues 31-142 of the mature polypeptide). This plasmid is 
constructed from three fragments: 1) a 6.7 kb vector frag- 
ment obtained by digesting pRT43.2F3 with EcoRI and 
Apal, 2) a 1.4 kb fragment encoding the 447D-LLH SCFv 
domain and the N-terminal portion of the CD4 EXT domain, 
obtained by digestion of pIKSAb(ctgpl20)-CD4-Fc with 
EcoRI and Nhel, and 3) a 1.2 kb fragment encoding the 
C-terminal portion of the CD4 EXT domain, the CD4 TM 
domain and the £ CYT domain, obtained by digestion of 
pIK43.2F3 with Nhel and ApaL 

Example 6B 
SAb(txgpl20)-Ll-CD4-£ 

pRT-SAb(agpl 20)-Ll-CD45 directs the expression cf a 
hybrid protein consisting of the Vk secretion leader and 
SCFv domain of 447D-LLH joined at its C-terminus (447D- 
VH residue 113) by a 14 amino acid linker (Gly-Ser-Thr- 
Ser-Gly-Ser-Gly-Lys-Ser-Ser-Glu-Gly-Lys-Gly) (SEQ ID 
NO:23) to the CD4 EXT and TM domains (residues 1-395 
of the mature polypeptide) and the £ CYT domain (residues 
31-142 of the mature polypeptide). This plasmid was con- 
structed from three fragments: 1) a 6.7 kb vector fragment 
obtained by digesting pRT43.2F3 with EcoRI and Apal, 2) 
a 1.5 kb fragment encoding the 447D-LLH SCFv domain, 
the 14 amino acid peptide linker and the N-terminal portion 
of the CD4 EXT domain, obtained by digestion of pIKSAb 
(ctgpl20)-Ll-CD4-Fc with EcoRI and Nhel, and 3) a 1.2 kb 
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the 25 amino acid peptide linker and the N-terminal portion 
of the CD4 EXT domain, obtained by digestion of pIKSAb 
(agpl20>L2-CD4-Fc with EcoRI and Nhel, and 3) a 1.2 kb 
fragment encoding the C-terminal portion of the CD4 EXT 
domain, the CD4 TM domain and the £ CYT domain, 
obtained by digestion of pIK43.2F3 with Nhel and Apal. 

Example 6D 
SAb(agpl20)-L3-CD4-£ 

pRT-SAb(agpl20)-L3-CD4-£ directs the expression of a 
hybrid protein consisting of the Vk secretion leader and 
SCFv domain of 447D-LLH joined at its C-terminus (447D- 
VH residue 113) by a 10 amino acid linker (Asp-Lys-Thr- 
His-Thr-Ser-Pro-Pro-Ser-Pro) (SEQ ID NO:25) to the CD4 
EXT and TM domains (residues 1-395 of the mature 
polypeptide) and the £ CYT domain (residues 31-142 of the 
mature polypeptide). This plasmid is constructed from three 
fragments: 1) a 6.7 kb vector fragment obtained by digesting 
pRT43.2F3 with EcoRI and Apal, 2) a 1.4 kb fragment 
encoding the 447D-LLH SCFv domain, the 10 amino acid 
peptide linker and the N-terminal portion of the CD4 EXT 
domain, obtained by digestion of pIKSAb(agpl20)-L3- 
CD4-Fc with EcoRI and Nhel, and 3) a 1.2 kb fragment 
encoding the C-terminal portion of the CD4 EXT domain, 
the CD4 TM domain and the £ CYT domain, obtained by 
digestion of pIK43.2F3 with Nhel and Apal. 

Example 6E 
SAb(agpl20)-L4-CD4-£ 

pRT-SAb(agpl20)-L4-CD4-£ directs the expression of a 
hybrid protein consisting of the Vk secretion leader and 
SCFv domain of 447D-LLH joined at its C-terminus (447D- 
VH residue 113) by an 18 amino acid linker (Glu-Leu-Gln- 
Leu-Glu-Glu-Ser-Ser-Ala-Glu-Ala-Gln-Asp-Gly-Glu-Leu- 
Asp) (SEQ ID NO:26) to the CD4 EXT and TM domains 
(residues 1-395 of the mature polypeptide) and the £ CYT 
domain (residues 31-142 of the mature polypeptide). This 
plasmid is constructed from three fragments: 1) a 6.7 kb 
vector fragment obtained by digesting pRT43.2F3 with 
EcoRI and Apal, 2) a 1.5 kb fragment encoding the 447D- 
LLH SCFv domain, the 18 amino acid peptide linker and the 
N-terminal portion of the CD4 EXT domain, obtained by 
digestion of pIKSAb(agpl20)-L4-CD4-Fc with EcoRI and 
Nhel, and 3) a 1.2 kb fragment encoding the C-terminal 
portion of the CD4 EXT domain, the CD4 TM domain and 
the ^ CYT domain, obtained by digestion of pIK43.2F3 with 
Nhel and Apal. 

Example 7 

Multispecific antibodies & MSCRs comprising two anti- 



fragment encoding the C-terminal portion of the CD4 EXT 50 bodv extracellular clustering domains, a ligand-receptor 



domain, the CD4 TM domain and the £ CYT domain, 
obtained by digestion of pIK43.2F3 with Nhel and Apal. 

Example 6C 
SAb(agpl20)-L2-CD4-£ 

pRT-SAb(agpl20)-L2-CD4^ directs the expression of a 
hybrid protein consisting of the VX secretion leader and 
SCFv domain of 447D-LLH joined at its C-terminus (447D- 
VH residue 113) by a 25 amino acid linker (Ser-Ser-Ala- 
Asp-Asp-Ala-Lys-Lys-Asp-Ala-Ala-Lys-Lys-Asp-Asp-Ala- 
Lys-Lys-Asp-Asp-Ala-Lys-Lys-Asp-Gly) (SEQ ID NO:24) 
to the CD4 EXT and TM domains (residues 1-395 of the 
mature polypeptide) and the £ CYT domain (residues 
31-142 of the mature polypeptide). This plasmid was con- 
structed from three fragments: 1) a 6.7 kb vector fragment 
obtained by digesting pRT43.2F3 with EcoRI and Apal, 2) 
a 1.5 kb fragment encoding the 447D-LLH SCFv domain, 



(CD4) extracellular clustering domain, and a £ family sig- 
naling domain. 

Multispecific antibodies and MSCRs are created which 
contain three oi more extracellular clustering domains 
55 (ECDs), at least one of which is derived from an antibody 
and/or single-chain antibody, or modifications thereof, and 
at least one of which is derived from a ligand-receptor 
binding domain, or modifications thereof. The constructs 
described in this example contain the 98.6 LLH SCFv 
domain, the 447D LLH SCFv domain, and the human CD4 
V1-V2 domains, in the case of the multispecific antibodies, 
and the entire CD4 EXT domains, in the case of the MSCRs. 
Alternatively, the 98.6 and 447D SCFv's are created as HLL 
constructs in which the heavy chain variable domain pre- 
cedes the light chain variable domain, connected by a 
suitable oligo- or polypeptide linker. Both LLH or HLL 
SCFv derivatives of the 98.6 and 447D MAb may be 
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constructed using a variety of oligo- and polypeptide linkers 
and substituted accordingly in the multispecific antibodies 
and MSCRs herein described. Portions of CD4 other than 
the entire CD4 EXT or V1-V2 domains may similarly be 
employed, including various truncations and/or modifica- 
tions thereof. In this example, the order of ECDs is (from N- 
to C-terminal): the 98.6 LLH SCFv domain, the 447D LLH 
SCFv domain, and the CD4 EXT domain. Alternatively, it is 
possible to create variants of all of the possible permutations 
of the order of these three as well as other domains. The 98.6 
LLH SCFv, 447D LLH SCFv, CD4 and other ECDs may be 
linked either directly, or via various oligo- or polypeptide 
linkers. In the event that a SCFv is the most C-terminal ECD 
in an MSCR, it may be fused in turn to the hinge and Fc 
region (residues 226-477) of the human IgG2 heavy chain, 
followed by (from N- to C-terminus): the 18 residue human 
IgG3 Ml membrane hinge, the CD4 TM domain (residues 
372-395 of the mature polypeptide), and the £ CYT domain 
(residues 31-142 of the mature polypeptide). In the event 
that CD4 is the most C-terminus ECD of the MSCR, it may 
be fused in turn to the CD4 TM domain (residues 372-395 
of the mature polypeptide), and the £ CYT domain (residues 
31-142 of the mature polypeptide). In each example, the 
correct expression plasmid was identified by restriction 
mapping. 

Example 7A 
SAb(agp41)-(Lx)-SAb(agpl20)-(Ly)-CD4-Fc 

A series of plasmids of the general structure pIKSAb 
(ctgp41)-(Lx)-SAb(agpl20)-(Ly)-CD4-Fc, where Lx and 
Ly are any one of a number of various oligo- and polypep- 
tide linkers including LI, L2, L3, L4 or no linker direct the 
expression of a series of hybrid proteins consisting (from N- 
to C-terminus) of 1) the Vk signal sequence and 98.6-LLH 
SCFv domain, 2) linker Lx, 3) the 447D-LLH SCFv, 4) 
linker Ly, 5) a portion of the CD4 EXT domain (residues 
1-180 of the mature polypeptide), and 5) the human IgG2 
hinge and Fc domains (residues 226—478). These plasmids 
are constructed from three fragments: 1) a 4,3 kb vector 
fragment obtained by digestion of pIKl.l with EcoRI and 
BgUI, 2) a 1.7 kb fragment encoding the C-tenninus of the 
447D-LLH SCFv domain, linker Ly, the CD4 VI & V2 
domains, and the IgG2 Fc domain, obtained by digestion of 
one of the pIKSAb(agp!20)-Ly-CD4-Fc series of plasmids 
with Spel and BgUI, and 3) a 1.2 kb fragment encoding the 
entire 98.6-LLH SCFv domain, linker Lx, and the 
N-terminus of the 447D-LLH SCFv domain, obtained by 
digestion of one of the pIKSAb(agp41)-Lx-SAb(agpl20)- 
Fc series of plasmids with EcoRI and Spel. 

Example 7B 
SAb(agp41KLx)-SAb(agpl20)-<Ly)-CD4-^ 

A series of plasmids of the general structure pIKSAb 
(agp41)-(Lx)-SAb(agpl20)-(Ly)-CD4^ where Lx and Ly 
are any one of a number of various oligo- and polypeptide 
linkers including LI, L2, L3, L4 or no linker, direct the 
expression of a series of hybrid proteins consisting (from N- 
to C-terminus) of 1) the Vk signal sequence and 98.6-LLH 
SCFv domain, 2) linker Lx, 3) the 447D-LLH SCFv, 4) 
linker Ly, 5) the CD4 EXT and TM domains (residues 1-395 
of the mature polypeptide), and 5) the 5 . CYT domain 
(residues 31-142 of the mature polypeptide). These plas- 
mids are constructed from three fragments: 1) a 6.7 kb 
vector fragment obtained by digesting pRT43.2F3 with 
EcoRI and Apal, 2) a 2.2 kb fragment encoding the the entire 
98.6-LLH SCFv domain, linker Lx, the entire 447D-LLH 
SCFv domain, linker Ly, and the N-terminal portion of the 
CD4 EXT domain, obtained by digestion of pIK-SAb 
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(agp41)-Lx-SAb(agpl20)-Ly-CD4-Fc with EcoRI and 
Nhel, and 3) a 1.2 kb fragment encoding the C-terminal 
portion of the CD4 EXT domain, the CD4 TM domain and 
the t; CYT domain, obtained by digestion of pIK43.2F3 with 
Nhel and Apal. 

Example 8 
Expression & characterization of MSCRs 

To determine whether each MSCR polypeptide can be 
efficiently expressed and transported to the cell surface, and 
thus properly folded, a corresponding mammalian 
transduction-expression vector is used to transfect human 
293 embryonic kidney cell line. Following transfection, the 
expression of each construct is evaluated by 
radioimmunoprecipitation, and its transport to the cell sur- 
face is evaluated by fluorescent-activated cell sorting 
(FACS) analysis. 

Example 8A 

Transfection of human 293 cells with NSCR expression 
vectors 

For transfection, 293 cells were grown in DMEM:F12 
media (JRH Biosciences) containing 10% fetal calf serum, 
and passaged at a 110 split ratio every 3 days. Twenty-four 
hours prior to transfection, 293 cells were plated at 5x10 s 
cells per 10 cm culture dish. Ten //g of each expression 
plasmid DNA is transfected onto a 10 cm dish by the 
calcium phosphate coprecipitation method (Wigler et al. 
(1979) Cell 16:777). Twenty-four hours after transfection, 
the transfected cells were fed with fresh complete DMEM 
media. The expression of MSCR polypeptides was evalu- 
ated by FACS analysis and radioimmunoprecipitation analy- 
sis at 48 hours post-transfection. 

Example 8B 
FACS analysis of MSCR expression on 293 cells 

Transfected 293 cells are rinsed once with PBS and 
incubated in PBS containing 10 mM EDTAfor 5 minutes at 
room temperature. Cells are collected from plates, centri- 
fuged and resuspended in PBS containing 1% fetal calf 
serum. Approximately IxlO 6 cells/sample are stained 
directly with saturating concentrations of FITC-conjugated 
mouse anti-human IgG or mouse anti-CD4 MAbs (Becton 
Dickinson Immunocy tome try Systems, San Jose, Calif.). 
Mouse FTTC-IgGl and PE-IgG2a are used as negative 
control MAbs. All FACS analyses are performed in a 
FACStation (Becton Dickinson) as previously described 
(Weiss and Stobo, (1984) J. Exp. Med., 160:1284-1299). 

Example 8C 

Radioimmunoprecipitation of MSCRs expressed in 293 
cells 

Transfected 293 cells are rinsed once with RPMI medium 
lacking methionine. Cells are cultured for additional 8 hours 
in 2 Ml of methionine-deficient RPMI supplemented with 
200 /<Ci [35S]-methionine (1160 C/mmol, ICN Biomedicals, 
Inc., Irvine, Calif.). The labelled cells are lysed in RIPA 
buffer, and the cell lysates are incubated at 4° C. for 1 hour 
with either no antibody (Class 1 MSCRs contain the IgG2 Fc 
domain and bind Protein A directly) or mouse anti-CD4 
OKT4A MAb (Ortho Diagnostic Systems, Raritan, NJ.). 
Ten microliters of Pansorbin is added to the lysates to 
precipitate the MSCR. Immunoprecipitates are washed three 
times in RIPA buffer, boiled in SDS sample buffer and 
analyzed by 10% SDS-polyacrylamide gel electrophoresis 
(SDS-PAGE). Gels are fixed in 20% methanol/10% acetic 
acid, then soaked in Enlightning solution for 15 rain, dried 
and subjected to autoradiography. SDS-PAGE analysis 
reveals the molecular mass of MSCRs expressed in 293 
cells. 
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Example 9 Pansorbin are then added to the lysates to precipitate the 
Biochemical and biological properties of human CD8* T MSCR polypeptide. The immunoprecipitates are washed 

cells expressing MSCRs three times in RIPA buffer, boiled in SDS sample buffer and 

analyzed by 8% SDS-polyacrylamide gel electrophoresis.. 

Example 9A 5 Gels are fixed in 20% methanol/10% acetic acid, then 

Infection of human CD8 + T cells with MSCR-expressing soaked in Enlightning solution for 15 minutes, dried and 

retroviral vectors subjected to autoradiography. SDS-PAGE analysis reveals 

Human CDS* T lymphocytes are isolated from peripheral toe molecular mass of MSCRs expressed in human CD8* T 

blood lymphocytes (PBL) obtained from healthy donors by ^Us. 

purification with the CEPRATE LC system (CellPro, Inc., 10 

Bothell, Wash.), followed by negative selection against CD4 Example 9D 

cells using a T-25 MicroCELLector (AIS, Inc., Santa Clara, Cytolytic activity of MSCR-expressing human CD8 + T cells 

Calif.). Immediately after purification, cells are stimulated T( > determine the cytolytic activity of MSCR-expressing 

for 24 hours with an equal number of y-irradiated autolo- human CD8* T cells, in vitro cytolytic assays are carried out 

gous PBMCs in AIM-V media (GibcoBRL, Grand Island, with target cells expressing wild-type and mutant HIV-1 

N.Y) containing 10 ng/ml of OKT3 MAb and 100 units of 15 antigens. HIV-1 infected human T cells or gpl60-expressing 

human IL-2 (Chiron Corp., Emeryville, Calif.). Cells are 293 cells are compared with uninfected human T cells or 

then washed free of OKT3 and cultured in AR media (50% untransfected 293 cells for their ability to be cytolytic targets 

AIM-V,50%RPMI,4mMGlutamine,20mMHepes,lmM for MSCR-expressing CD8 + T cells. Plasmids pIKenv+/ 

Na-Pyruvate, non-essential amino acids, and 100 units rev+/tat-, pIKenvG370R/rev+/tat- and pIKenvR315Q/ 

human IL-2) supplemented with 5% heat inactivated human 20 rev+/tat- are used to generate stably transfected 293 cells as 

AB plasma (Sigma, St. Louis, Mo.). Retrovirus is prepared described in U.S; Pat. No. 5359,046, which express wild- 

in the TIN-4 cell line derived from thymidine kinase- type or mutant env proteins. These gpl60-expressing 293 

expressing human 293 cells. For the transduction of human ^Ds or HIV-1 infected human T cells are labeled at 37° C. 

CD8 + +cells, TIN-4 cells are seeded at 5x10 s cell/plate in for 18 hours with [ 3 H]TdR (Roberts et al, Blood 

6-well plates (Corning Glass, Corning, N.Y.) in complete 25 84:2878-2889 (1994)), washed and aliquoted to 96-well 

DMEM medium 48 hours prior to transfection. Ten micro- V-bottom plates at xlOfyvell. Serial dilutions of MSCR- 

grams of MSCEFR construct in the retroviral vector expressing human CD8 + T cells are made up to achieve an 

pRT43.2 (as described in U.S. patent application Ser. No. effector to target (E:T) ratio ranging from 100:1 to 0.1:1. 

08/258,152) are transfected per plate in the absence or Samples are set up in triplicate and incubations are carried 

presence of packaging plasmids by the calcium phosphate 30 out for 6 hours at 37° C. Following incubation, aliquots of 

coprecipitation method. Following transfection, 1.5 Ml of tne culture supernatant are removed and counted in a liquid 

fresh AR medium containing 100 units/ml of human IL-2 is scintillation counter. Spontaneous release (SR) is obtained in 

added to each well of the plate. Three hours later, 5x10 s of a negative control sample lacking MSCR-expressing human 

CD8""T cells in AR media containing 100 units/ml of human CD8 + T cells; maximum release (MR) is obtained from a 

IL-2 and 2 jug/ml of polybrene are added to each well of the positive control sample by lysing target cells with IN HC1. 

plate. CD8 + T cells are removed from the 6-well plates 24 35 The percent specific lysis is calculated from the following 

hours later and then transduced a second time by the same equation: 
procedure. Newly transduced CD8 + T cells are maintained 
in AR media. 

% specific lysis=(5^^-Samplc c ^)/(Sarnplc (?pfTt -A« cp Jxl00%. 

Example 9B 40 

FACS analysis of MSCR expression in human CD8 + T cells ^ cytolytic activity of CD8 + T cells expressing various 

At various times following transduction, CD8 + T cells are MSCRs and monospecific chimeric receptors as effector 

harvested and washed with PBS containing 1% FCS. cells on tar 8 et cells infected with various HIV-1 isolates or 

Approximately lxlO 6 CD8 4 * T cells are stained with specific target cells transfected with wild-type or mutant env genes 

antibodies for FACS analysis as described in Example 8B. 45 are compared. In particular, MSCRs which direct the effi- 
cient cytolysis of a range of primary HIV-1 isolates are 

Example 9C considered good candidates for therapeutic application. 

Immunprecipitation analysis of MSCR expression in human All publications, patents, and patent applications men- 

CD8 + T cells tioned in this specification are herein incorporated by ref- 

At various times following transduction, human CDS* T 50 erence to the same extent as if each individual publication or 

cells are harvested and placed in methionine-depleted AR patent application was specifically and individually indi- 

media supplemented with 200 ^Ci [35S]-methionine (1160 cated to be incorporated by reference. 

Ci/mmol, ICN Biomedicals, Inc.). Cells are lysed in RIPA The invention now being fully described, it will be 

buffer and then incubated at 4° C. for 1 hour with either with apparent to one of ordinary skill in the art that many changes 

no antibody (Fc-containing MSCRs) or mouse anti-CD4 and modifications can be made thereto without departing 

OKT4A MAb (CD4-containing MSCRs). Ten microliters of from the spirit or scope of the appended claims. 



SEQUENCE LISTING 

(1) GENERAL INFORMATION: 

(iii) NUMBER OP SEQUENCES: 26 
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(2) INFORMATION FOR SEQ ID NO:l: 

(i> SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 36 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:l: 
CTGCGTCAAC ACAGACTGTG AGGAGACGGT GACCAG 36 



(2) INFORMATION FOR SEQ ID NO:2: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 16 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:2: 
ACAGACTGTG AGGAGA 16 



(2) INFORMATION FOR SEQ ID NO: 3: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 78 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 3 ; 
CTGCGTCAAC ACAGACTGAC CCTTACCCTC AGAAGATTTA CCCGACCCCG AGGTCGACCC . 60 
TGAGGAGACG GTGACCAG 7g 



(2) INFORMATION FOR SEQ ID NO: 4: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 16 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:4: 
AGAAGATTTA CCCGAC 



(2) INFORMATION FOR SEQ ID NO: 5: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 111 base pairs 

(B) TYPE : nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:5: 
CTGCGTCAAC ACAGACTGAC CGTCCTTCTT AGCGTCGTCC TTCTTAGCGT CGTCCTTCTT 60 



AGCAGCGTCC TTCTTAGCGT CGTCAGCGGA AGATGAGGAG ACGGTGACCA G 



111 
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(2) INFORMATION FOR SEQ ID NO: 6: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 16 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:6: 
GCGTCGTCCT TCTTAG 16 

(2) INFORMATION FOR SEQ ID NO: 7: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 66 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:7: 
CTGCGTCAAC ACAGACTGTG GGGACGGTGG GGATGTGTGA GTTTTGTCTG AGGAGACGGT 60 
GACCAG 66 

(2) INFORMATION FOR SEQ ID NO: 8: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 16 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:8: 
CGGTGGGGAT GTGTGA 16 



(2) INFORMATION FOR SEQ ID NO: 9: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 87 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(xi) SEQUENCE DESCRIPTION: SEQ ID 110:9: 
CTGCGTCAAC ACAGACTGGT CCAGCTCCCC GTCCTGCGCT TCGGCGCTCG ATTCTTCCAG 60 
TTGCAGCTCT GAGGAGACGG TGACCAG 87 



(2) INFORMATION FOR SEQ ID NO: 10: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 16 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 10: 



TCGGCGCTCG ATTCTT 



16 
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(2) INFORMATION FOR SEQ ID NO: 11: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 36 base pairs 

(B) - TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 11: 
GCCCAGCACC ACTTTCTTTG AGCTCACGGT GACCGT 36 



(2) INFORMATION FOR SEQ ID NO: 12: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 16 base pairs 

(B) TYPE: nucleic acid 
<C) STRANDEDNESS: single 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 12: 

ACTTTCTTTG AGCTCA 16 



(2) INFORMATION FOR SEQ ID NO: 13: 

(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 78 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 13: 
GCCCAGCACC ACTTTCTTAC CCTTACCCTC AGAAGATTTA CCCGACCCCG AGGTCGACCC 60 
TGAGCTCACG GTGACCGT 78 



(2) INFORMATION , FOR SEQ ID NO: 14: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 111 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 14: 
GCCCAGCACC ACTTTCTTAC CGTCCTTCTT AGCGTCGTCC TTCTTAGCGT CGTCCTTCTT 60 
AGCAGCGTCC TTCTTAGCGT CGTCAGCGGA AGATGAGCTC ACGGTGACCG T 111 



(2) INFORMATION FOR SEQ ID NO: 15: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 66 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 15: 
GCCCAGCACC ACTTTCTTTG GGGACGGTGG GGATGTGTGA GTTTTGTCTG AGCTCACGGT 60 



GACCGT 



66 
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(2) INFORMATION FOR SEQ ID NO: 16: 

(i) SEQUENCE CHARACTERISTICS: . 

(A) LENGTH: 8 7 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 16: 
GCCCAGCACC ACTTTCTTGT CCAGCTCCCC GTCCTGCGCT TCGGCGCTCG ATTCTTCCAG 60 
TTGCAGCTCT GAGCTCACGG TGACCGT 87 

(2) INFORMATION FOR SEQ ID NO: 17: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 42 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE .TYPE: DNA (genomic) 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 17: 
TAGTCTAGGA TCTACTGGCT GCAGTTCTTG CTCTCCTCTG TC 42 

(2) INFORMATION FOR SEQ ID NO: 18: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 16 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 18: 
ACTGGCTGCA GTTCTT 16 

(2) INFORMATION FOR SEQ ID NO: 19: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 39 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 
(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 19: 
AAAACTGTGC GTTACAATTC GTGGGTCCCC TCCTGAGGA 39 



(2) INFORMATION FOR SEQ ID NO:20: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 16 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(xi) SEQUENCE DESCRIPTION: SEQ ID NOc20: 



TACAATTCGT GGGTCC 



16 
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(2) INFORMATION FOR SEQ ID NO: 21: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 39 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:21: 
TCCTATTGTA ACAAATGCTT GCCCTGGTCC TCTCTGGAT 39 



(2) INFORMATION FOR SEQ ID NO: 22: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 16 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:22: 
AAATGCTTGC CCTGGT 



(2) INFORMATION FOR SEQ ID NO: 23: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 14 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:23: 

Gly Ser Thr Ser Gly Ser Gly Lys Ser Ser Glu Gly Lys Gly 
1 5 10 



(2) INFORMATION FOR SEQ ID NO: 24: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 25 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:24: 

Ser Ser Ala Asp Asp Ala Lys Lys Asp Ala Ala Lys Lys Asp Asp Ala 
1 5 10 15 

Lys Lys Asp Asp Ala Lys Lys Asp Gly 
20 25 



(2) INFORMATION FOR SEQ ID NO: 25: 

(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 10 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:25: 



16 



Asp Lys Thr His Thr Ser Pro Pro Ser Pro 
1 5 10 



45 



6,103,521 



46 



-continued 



(2) INFORMATION FOR SEQ ID NO: 26: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 17 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:26: 

Glu Leu Gin Leu Glu Glu Ser Ser Ala Glu Ala Gin Asp Gly Glu Leu 
1 5 10 15 



What is claimed is: 

1. A DNA molecule encoding a chimeric membrane 
bound protein, said protein comprising in the N-terminal to 
C-terminal direction: 

at least two extracellular inducer-responsive clustering 
domains in tandem to form a multispecific extracellular, 
inducer-responsive clustering domain that binds spe- 
cifically to at least one inducer molecule which results 
in the dimerization or oligomerization of said multi- 
specific extracellular domain; 

a transmembrane domain; and 

a cytoplasmic signaling domain comprising a £ or r\ chain 
of the T-cell receptor, or a Janus kinase, 

wherein when said membrane bound protein is expressed 
in a selected host cell under conditions suitable for 
expression, said membrane bound protein initiates a 
signal in said host cell on binding to said at least one 
inducer molecule. 

2. The DNA molecule according to claim 1 wherein at 
least one said extracellular inducer responsive clustering 
domain is an antibody or single-chain antibody or portions 
or modifications thereof containing inducer binding and 
clustering activity. 

3. The DNA molecule according to claim 2 wherein at 
least one said extracellular inducer responsive clustering 
domain is a cell differentiation antigen. 

4. The DNA molecule according to claim 1 wherein at 
least one said extracellular inducer-responsive clustering 
domain is CD4 and at least another said extracellular 
inducer-responsive clustering domain is an antibody or 
single chain antibody. 

5. The DNA molecule according to claim 2 wherein at 
least one said antibody or single chain antibody recognizes 
an antigen from a virus selected from the group consisting 
of HIV, hepatitis A, B and C viruses, Kaposi's sarcoma 
associated Herpes vims, Herpes Simplex viruses, Herpes 
Zoster virus, cytomegalovirus, papilloma virus, respiratory 
syncytial virus and influenza virus. 

6. The DNA molecule according to claim 2 wherein at 
least one said antibody or said single chain antibody recog- 
nizes an antigen on a cancer cell selected from the group 
consisting of interleukin 14 receptor, CD19, CD20, Lewis Y 
antigen, CEA, Tag72 antigen, EGF-R and HER-2. 

7. The DNA molecule according to claim 1 wherein said 
transmembrane domain is naturally associated with one of 
said extracellular inducer responsive clustering domains. 

8. The DNA molecule according to claim 1 wherein said 
transmembrane domain is naturally associated with said 
signaling domain. 
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9. A DNA molecule encoding a chimeric membrane 
bound protein, said chimeric protein comprising in the 
N-terminal to C-terminal direction: 
at least two extracellular inducer-responsive clustering 
25 domains in tandem to form a multispecific extracellular 
inducer-responsive clustering domain that binds spe- 
cifically to at least one inducer molecule which results 
in the dimerization or oligomerization of said multi- 
specific extracellular domain; 
30 a transmembrane domain; 

a cytoplasmic domain comprising a Janus kinase; and 
a cytoplasmic domain comprising £ or r\ chain of the 

T-cell receptor; 
wherein when said membrane bound protein is expressed 
in a selected host cell under conditions suitable for 
expression, said membrane bound protein initiates a 
signal for proliferation and effector function in said 
host cell on binding to said at least one inducer mol- 
ecule. 

40 10. A DNA molecule encoding a chimeric membrane 
bound protein, said chimeric protein comprising in the 
N-terminal to C-terminal direction: 
at least two extracellular inducer-responsive clustering 
domains in tandem to form a multispecific extracellular 
inducer-responsive clustering domain that binds spe- 
cifically to at least one inducer molecule which results 
in the dimerization or oligomerization of said multi- 
specific extracellular domain; 
5Q a transmembrane domain; 

a cytoplasmic domain comprising £ or *n chain of the 

T-cell receptor; and 
a cytoplasmic domain comprising a Janus kinase; 
wherein when said membrane bound protein is expressed 
55 in a selected host cell under conditions suitable for 
expression, said membrane bound protein initiates a 
signal for proliferation and effector function in said 
host cell on binding to said at least one inducer mol- 
ecule. 

60 11. The DNA molecule according to claim 9 or 10, 
wherein at least one said extracellular inducer responsive 
clustering domain is an antibody or single-chain antibody or 
portions or modifications thereof containing inducer binding 
and clustering activity. 

65 12. The DNA molecule according to claim 9 or 10, 
wherein at least one said extracellular inducer responsive 
clustering domain is a cell differentiation antigen. 



45 
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13. The DNA molecule according to claim 9 or 10, wherein when said hybrid multispecific chimeric receptor 
wherein at least one said extiacellular inducer : responsive is expressed in a selected host cell under conditions 
clustering domain is CD4 and at least one other said extra- suitable for expression, said receptor protein initiates a 
cellular inducer-responsive clustering domain is a single signal for proliferation and effector function in said 
chain antibody. 5 host cell on binding to said at least one inducer mol- 

14. The DNA molecule according to claim 11, wherein at ecule. 

least one said single chain antibody recognizes an antigen 22 - ^ DNA of claim 21 > wherein at least one said 
from a virus selected from the group consisting of HIV, extracellular clustering domains is an antibody or single- 
hepatitis A, B and C viruses, Kaposi's sarcoma associated cham antlbod y or portions or modifications thereof contain- 
Herpes virus, Herpes Simplex viruses, Herpes Zoster virus, 10 m § f c !^ er J^IH^ clus ^ erin g acdvit y- , 
cytomegalovirus, respirator, syncytial virus, influenza virus e StSJfi 
and papilloma virus. . ° 

15. The DNA molecule according to claim 9, wherein at & ^ DNA molecuk according t0 claim 18 or 21 
least one said single cham antibody recognizes an antigen on wherein ^ intracellular inducer Tesponsive clustering 
a cancer cell selected from the group consisting of interleu- is domain binds to a natural or synm etic inducer that is cell 
kin 14 receptor, CD19,CD20, Lewis Y antigen, CEA,Tag72 membrane permeable and induces the clustering of said 
antigen, EGF-R and HER-2. intracellular inducer responsive domain. 

16. The DNA molecule according to claim 10, wherein 25. An expression cassette comprising a transcriptional 
said transmembrane domain is naturally associated with one initiation region, a DNA molecule according to claim 1 
of said multispecific extracellular inducer-responsive clus- 20 under the transcriptional control of said transcriptional ini- 
tering domains, or £ or T] chain of the T-cell receptor. tiation region and a transcriptional termination region. 

17. The DNA molecule according to claim 9, wherein said 26. An expression cassette comprising a transcriptional 
transmembrane domain is naturally associated with one of initiation region, a DNA molecule according to claim 9 
said multispecific extracellular inducer-responsive cluster- under the transcriptional control of said transcriptional ini- 
ing domains. 25 tiation region and a transcriptional termination region. 

18. A DNA molecule encoding a hybrid extracellular and 27. An expression cassette comprising a transcriptional 
intracellular multispecific chimeric receptor protein, said initiation region, a DNA molecule according to claim 10 
chimeric protein comprising in the N-terminal to C-terminal under the transcriptional control of said transcriptional in- 
direction: tiation region and a transcriptional termination region. 

at least two extracellular inducer-responsive clustering 30 28. An expression cassette comprising a transcriptional 

domains in tandem to form a multispecific extracellular initiation region, a DNA molecule according to claim 18 - 

inducer-responsive clustering domain that binds spe- under the transcriptional control of said transcriptional ini- 

cifically to at least one inducer molecule which results tiation region and a transcriptional termination region, 

in the dimerization or oligomerization of said multi- 29. An expression cassette comprising a transcriptional 

specific extracellular domain; 35 initiation region, a DNA molecule according to claim 21 

a transmembrane domain: under the transcriptional control of said transcriptional ini- 

a cytoplasmic domain comprising a Janus kinase; and tiation region and a transcriptional termination region. 

an intracellular inducer-responsive clustering domain 30. m expression casseUe aceoro^ng to claim 25, 26, 27, 

comprising an immunophilin or a cyclophilin; 28 or 29 whe rein said transcriptional initiation region is 

wherein when said chimeric receptor protein is expressed *° ^f ona \ in a mammalian host. 

in a selected host cell under conditions suitable for A cell comprising a DNA molecule according to claim 

expression, said receptor protein initiates a signal for A ~ VTA . 

proliferation in said hosl cell on binding to said at least 32 A 06,1 com P nsm 8 a mo,ecule acc0Khn 8 t0 claun 

one inducer molecule. * . t1 .. ^ VTi , 

19. The DNA of claim 18, wherein at least one said 45 ^3. A cell comprising a DNA molecule according to claim 
extracellular clustering domains is an antibody or single- * A „ . . _, xrA , 

chain antibody or portions or modifications thereof contain-. 34 * Ace11 ^^mg a DNA molecule according to claim . 

ing inducer binding and clustering antibody. * A „ _ KTA - . A . . 

20. The DNA of claim 18, wherein at least one said 35. A cell comprising a DNA molecule according to claim 

extracellular clustering domains is a cell differentiation 50 * A „ . . ^ VTA , , . 

antigen 36. A cell comprising an DNA molecule that encodes a 

21. A DNA molecule encoding a hybrid multispecific f^ric effector function receptor comprising an extracel- 

chimeric receptor protein, said protein comprising in the * ular ^cer-responsive clustering domain, a transmem- 

N-terminal to C-terminal direction: ^rane domain, and a effector function signaling domam and 

. , , 11 i * j i . • 55 further comprising a second DNA molecule according to 

at least two extracellular inducer-responsive clustering c i auil 1 

domains in tandem to form a multispecific extracellular 3? A M ^ a DNA molecule tnat encodes a 

mducer-responstve clustering domam that bmds spe- chimeric effcctor ^ n f ^ an extracel- 

cmcaUy to a. least one mducer molecule which resulte Mu iaaoeitJntpa ^ n cluste ri ng domain> * transmem- 

in the dimerization or ohgomenzation of said multi- , , j ir j 

specific extracellular domain; 60 domaiD > and a effector ^ 1 A on S1 f ^mam, and 

y uuiai uuLiKuu, further comprising a second DNA molecule according to 

a transmembrane domam; claim 9 

a cytoplasmic domain comprising a Janus kinase; 38. The cell comprising a DNA molecule that encodes a 

a cytoplasmic domain comprising a £ or r\ chain of the chimeric receptor comprising an extracellular inducer- 

T-cell receptor; and 65 responsive clustering domain, a transmembrane domain, a 

an intracellular inducer-responsive clustering domain transmembrane domain and an effector function signaling 

comprising an immunophilin or a cyclophilin; domain, and a second DNA molecule according to claim 10. 
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39. A cell comprising a DNA molecule that encodes a 
chimeric effector function receptor comprising an extracel- 
lular inducer-responsive clustering domain, a transmem- 
brane domain, and an effector function signaling domain, 
and further comprising a second DNA molecule according to 
claim 18. 

40. The cell comprising a DNA molecule that encodes a 
chimeric receptor comprising an extracellular inducer- 
responsive clustering domain, a transmembrane domain, a 
transmembrane domain and an effector function signaling 
domain, and a second DNA molecule according to claim 21. 

41. The cell according to claim 31, 32, 33, 34, 35, 36, 37 
or 39, wherein said cell is a mammalian cell. 

42. The cell according to claim 31, 32, 33, 34, 35, 36, 37 
or 39, wherein said cell is a human cell. 

43. A chimeric protein comprising in the N-terminal to 
C-terminal direction: 

a multispecific extracellular inducer-responsive clustering 
domain comprising at least two domains in tandem that 
bind specifically to at least one inducer-molecule which 
results in the dimerization or oligomerization of said 
multispecific extracellular domain; 

a transmembrane domain; and 

a cytoplasmic domain comprising a t, or t} chain of the 
T-cell receptor, or a Janus kinase; 

wherein when said chimeric protein is expressed as a 
membrane bound protein in a selected host cell under 
conditions suitable for expression, said membrane 
bound protein initiates a signal in said host cell on 
binding to said at least one inducer molecule. 

44. A chimeric protein comprising in the N-terminal to 
C-terminal direction: 

a multispecific extracellular inducer-responsive clustering 
domain comprising at least two domains in tandem that 
bind specifically to at least one inducer-molecule which 
results in the dimerization or oligomerization of said 
multispecific extracellular domain; 

a transmembrane domain; 

a cytoplasmic domain comprising a Janus kinase; and 

a cytoplasmic domain comprising £ or r\; 

wherein when said chimeric protein is expressed as a 
membrane bound protein in a selected host cell under 
conditions suitable for expression, said membrane 
bound protein initiates a signal for proliferation and 
effector function in said host cell on binding to said at 
least one inducer molecule. 

45. A chimeric protein comprising in the N-terminal to 
C-terminal direction: 

a multispecific extracellular inducer-responsive clustering 
domain comprising at least two domains in tandem that 
bind specifically to at least one inducer-molecule which 
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results in the dimerization or oligomerization of said 
multispecific extracellular domain; 
a transmembrane domain; 

a cytoplasmic domain comprising £ or t| chain of the 
T-cell receptor; and 

a cytoplasmic domain comprising a Janus kinase; 

wherein when said chimeric protein is expressed as a 
membrane bound protein in a selected host cell under 
conditions suitable for expression, said membrane 
bound protein initiates a signal for proliferation and 
effector function in said host cell on binding to said at 
least one inducer molecule. 

46. A chimeric hybrid binding protein comprising in the 
N-terminal to C-terminal direction: 

a multispecific extracellular inducer-responsive clustering 
domain comprising at least two domains in tandem that 
bind specifically to at least one inducer molecule which 
results in the dimerization or oligomerization of said 
multispecific extracellular domain; 

a transmembrane domain; 

a cytoplasmic domain comprising a Janus kinase; and 
an intracellular inducer-responsive clustering domain 

comprising an immunophilin or a cyclophilin; 
wherein when said chimeric hybrid binding protein is 
expressed as a protein receptor in a selected host cell 
under conditions suitable for expression, said protein 
receptor initiates a signal for proliferation in said host 
cell on binding to either said inducer molecule or 
combinations thereof. 

47. A chimeric hybrid binding protein comprising in the 
N-terminal to C-terminal direction: 

a multispecific extracellular inducer-responsive clustering 
domain comprising at least two domains in tandem that 
bind specifically to at least one inducer molecule which 
results in the dimerization or oligomerization of said 
multispecific extracellular domain; 

a transmembrane domain; 

a cytoplasmic domain comprising a Janus kinase; 

a cytoplasmic domain comprising t, or t| chain of the 
T-cell receptor; and 

an intracellular inducer-responsive clustering domain 
comprising an immunophilin or a cyclophilin; 

wherein when said chimeric hybrid binding protein is 
expressed as a protein receptor in a selected host cell 
under conditions suitable for expression, said protein 
receptor initiates a signal for proliferation in said host 
cell on binding to either said inducer molecule or 
combinations thereof. 



